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SECTION 1
INTRODUCTION

1.1 PROGRAM OBJECTIVES

The Life Sciences Payload Definition and Integration Study is an integral part of the
overall space research payload definition activity of NASA. The primary objective of
the NASA payload definition activity is to develop the program plans of the various
scientific disciplines scheduled for space research. In pursuit of this objective, the
Life Sciences Payload Definition and Integration Study evolved several baseline concep~-
tual laboratory designs. These laboratory designs provided the first step toward de-
tailed definition of potential Life Sciences research equipment requirements. These
laboratory equipment requirements were in turn used to develop preliminary Life
Sciences program plans.

1.2 OVERVIEW

The Life Sciences Payload Definition and Integration Study was composed of four major
tasks, as shown in Figure 1-1. Tasks A & B, the laboratory definition phase, were

the subject of a prior NASA study, NAS8-26468, (references 1, 2, 3). The laboratory
definition phase included the establishment of research functions, equipment definitions,
and conceptual baseline laboratory designs. These baseline laboratories were design-
ated as Maxi-Nom, Mini~30, and Mini-7. The engineering effort was approximately 8
man-years. The outputs of Tasks A & B were used by the NASA Life Sciences Payload
Integration Team to establish guidelines for Tasks C & D, the laboratory integration
phase of the study. A brief review of Tasks A & B is presented in paragraph 1.6 to
provide backgrowmd continuity.

The Task C &D effort is the subject of this report. The Task C effort stressed the integ-
ration of the NASA selected laboratory designs with the shuttle sortie module. The Task:
D effort updated and developed costs that could be used by NASA for preliminary program
planning. The engineering effort during this phase of the study was equivalent to 2
man-years. | '

1.3 TASK C & D OBJECTIVE

The primary objective of task C was to determine the compatibility of the selected base-
line laboratories with the shuttle sortie module concept. The inifial activity involved
updating the laboratories' fimctional capabilities and related equipment items as direct~
ed by the NASA Life Sciences Payload Integration Team. The specifics of this NASA
guidance are covered in paragraph 1.5. The second task of the compatibility analysis
established the size and characteristics of the various sortie module subsystems

(i.e., electrical power, crew EC/LSS, ete.) required to support the defined research
capability of the baseline laboratories.
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Figure 1-1. Program Overview

The Task D objective was to define preliminary program plans. This activity involved
the determination of equipment cost profiles and development schedules to support
flight opportumities in 1979 and beyond. Areas of significant supporting research and
technology (SRT) were also identified. '

1.4 DEFINITIONS

The following paragraphs describe the more important definitions used in this study.
The Life Sciences discipline encompasses the functional program elements (FPE) of
biomedicine, vertebrates, invertebrates, plants, and cells and tissues, man-systems
integration, and life support and protective systems. The FPEs describe the grouping
of experiments or experiment classes characterized by mutually supportive areas of
research, which impose similar demands on the support module systems.

1.4.1 LIFE SCIENCES. Life Sciences research includes biomedicine, biology, man-
systems Integration, and life support/protective systems:

a. Biomedicine — Research devoted to (1) understanding character, time course and
mechanisms of the physiological, anatomical, behavioral, and functional changes
In man exposed to the space environment; and (2) providing the criteria for counter-
measures in support of manned space flights. |
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1.4.

1.4.

Biology — Research devoted to (1) understanding the mechanisms of significant
changes induced by the space environment on animals and cells and tissues as
models wherein the investigation cannot be done easily on man; (2) understanding
the graviperceptive mechanism and the role of gravity and biological pericdicities
(as influenced by time-varying environmental parameters) on various biological
processes at the subcellular, cellular, tissue, organ, and organism levels; and
(3) determining the biological effectiveness of galactic high-Z cosmic radiation
particles. For the purpose of this study, biology will encompass research using
vertebrates, invertebrates, plants, and cells and tissues as test subjects.

Man~System Integration (MSI) — Research devoted to (1) obtaining data on crew
performance, integrated crew/equipment operations, and habitability; and (2)
obtaining data to optimize man's ability to live and work in space.

Life Support and Protective Systems {LS/PS) — Research devoted to (1) obtaining
data for advanced design of life support systems (LSS) and protective systems com-
ponents and subsystems; (2) the establishment of design criteria,and (3) the develop-
ment of the technology that will enable man to accomplish space missions effective-
ly and safely.

2 LABORATORY EQUIPMENT ELEMENTS.

Equipment Item (EI) is the smallest hardware element defined within the various
laboratories. In some cases an EI (such as a gas chromatograph) contains many
individual components while other Els are quite simple, such as a thermocouple.

Equipment Unit (EU) is a functional grouping of related equipment items. As an
example, the items within the biochemical and biophysical EU include a gas
chromatograph, mass spectrometer, and an atomic absorption spectrophotometer.

Common Operational Research Equipment (CORE) — Equipment or facility that

serves many experimental areas in several Life Sciences FPEs, Examples are
spectrophotometer, microscope, centrifuge, specimen preparation facility, and
sample preservation units.

FPE-peculiar equipment — General-purpose equipment unique to a given Life
Sciences FPE that can support various experiments on a reusable basis. Examples
are the lower body negative pressure device, MSI task board, small vertebrate
holding umit, and plant holding unit.

Experiment-peculiar equipment — Equipment designed specifically to support a
given experiment and which is considered not to be reusable for another experi-
ment without modification.

3 LABORATORY PAYLOADS DEFINED,
Shared 7-Day is a Life Sciences laboratory occupying approximately one-half the

volume of a sortie module., The other half of the sortie module would be used by
another scientific discipline.

1-3



b. Dedicated 7-Day is a laboratory (sortie module) devoted entirely to research in the
Life Sciences area. The sortie module mission duration is seven days.

c. Dedicated 30-Day is a laboratory (sortie module) basically the same as the Dedi-
cated 7-Day except that the mission duration is 30 days.

d. Carry-On Laboratories are portable, primarily self-contained Life Sciences
laboratories that can be placed in the sortie module or the crew compartment of
the shuttle orbiter.

1.5 GUIDELINES

NASA established study criteria in two general areas: the Life Science research pay-
loads, and the supporting vehicle characteristics.

1.5.1 FUNCTIONAL CAPABILITY. The NASA review of the Task A & B outputs re-
sulted in establishing the Mini-30 Laboratory as the area for primary emphasis. The
equipment and research functions called out for this laboratory concept would provide

the basic capability of both the Dedicated 7-Day and Dedicated 30-Day Laboratories.
Secondary emphasis was placed upon the Shared 7-Day Laboratory. The Shared 7-Day
Laboratory was based upon the Task A & B Mini~7 payload modified to include a factored-
down Mini-30 capability in the areas of biomedical and vertebrate research and removal
of the EVA research capability.

A second general category of research capability was described as the Carry-On Labor-
atories. Since the laboratories had not been studied during Task A & B, only conceptual
designs were to be developed.

1.5.2 SORTIE MODULE. Some of the more significant sortie module characteristics
used during this study are summarized in Table 1-1. The basic data was obtained from
NASA -supplied references 4, 5 and 6.

1.6 BACKGROUND REVIEW OF TASKS A & B)

The following is presented to provide a brief review of the previous program (NAS8-
26468), More detailed information can be found in the final reports (references 1, 2,
and 3) and in the introduction of Volume I of this report.

1.6.1 OQBJECTIVES. The primary objective of Task A was to develop, from the exist-
ing broad base of data, a comprehensive and useful method of applying this data fo
laboratory designs. The Task B effort used this data to define a group of conceptual Life
Sciences laboratories with varying degrees of research capability in biology, bio-
medicine, life support protective systems, and man-system integration.

1.6.2 GUIDELINES. The development of the laboratory concepts was based on a
general facility approach rather than a specific experiment approach.

1-4



Table 1-1. Summary of Sortie Module Characteristics

Parameter Description

Internal Volume 87,8 m" (3,100 £3)
Diameter 4.26 m (14 ft)
Length ' 7.31m (24 ft)
Allowable Payload 5,450 kg (12, 000 1b)
Average Power Available 4-5kW
Electrical Energy 150 kW-hr
Heat Rejection 4-5 kWi
Data Acquisition Rate : 100 kbps
Data Downlink Rate* 25-256 kbps
Crew Size Accommodations

Total in Orbit 4

Sortie Module 2

*Payload use is within this range; actual rate is dependent on shuttle orbiter use.

During Tasks A&B, a minimum number of mission constraints were placed upon the
definition of the laboratories. Instead, research requirements were emphasized and
engineering design concepts were defined to meet these requirements. This approach
resulted in some payloads with broad capability that were completely responsive to all
the scientists' desires. From these comprehensive payloads, lesser capability pay-
loads were then defined with appropriate reduction in scientific responsiveness. Pay-
1oads were also defined base on an orderly growth and evolution from the lesser capa-
hility to the more comprehensive.

1.6.3 DATA BASE. The more significant items of the data base used during Task A
& B are shown in Table 1-2. The concept was to build upon the foumdation of past Life
Sciences space research programs and to use this to establish the needs for the pro-
posed laboratories of the future,

1.6.4 FUNCTION AND EQUIPMENT INVENTORIES. During Task A, research func-
tions and related equipment items were defined for all the life sciences FPEs. Figure
1-2 is a summary of the characteristics of the function and equipment inventories
developed. Counted individually, the functions total 1055. However, many of the func-
tions were common to several FPEs, and considering this commonality, the number in
the inventory is 455. These 455 functions can be performed by the 382 equipment items
listed in the inventory. The equipment items have been grouped together in terms of
their functional relationship designated as Equipment Units.

Seven Equipment Units designated CORE (Common Operational Research Equipment)
are required totally or in part by all FPEs. Twenty Equipment Units are specific to
one or more but not all the FPEs,



Table 1-2. Data Base

Documents

Reference Earth Orbital Research & Applications Investigations  Convair
Earth Orbital Experiment Study MDAC
Biotechnology Study MDAC
IMBLMS

B~3 Functional BB LMSC/GE

Functional BB Performance Review LMSC/GE

B-4 Statement of Work NASA

Phase B Final Report LMSC/GE
Experiment Module Concepts Convair
Space Station/Base MDAC /Martin

& NR/GE
Orbital Workshop Martin
Space Shuttle Convair /NR
Human Performance Prediction Bunker-Ramo
Advanced Integrated Life Support Systems HSD
Commumications & Working Papers
Candidate Experiments & Common Use Equipment ARC
Medical Measurements Requirements List MSC
End-item Specifications for Inflight Medical Support System MSC
Direct Communications & Working Papers ARC/MSC/
MSFC /UCSD
Vendor /Mfg Specifications & Communications
BIOLOGY MAN
SYSTEM
VERTE- INVERTE— | CELLS & INTEG, COMMON
BRATE |PLANT |BRATE |TISSUE [ BIOMED | LSPS | (MSI) TOTAL| INVENTORY
FUNCTIONS 276 106 95 a3 276 79 | 130 1,055 455
CORE |~ 7 T

EQUIPMENT UNITS

FPE

8 ][37

20

Figure 1-2, Inventory Summary




1.6.5 BASELINE LABORATORIES. The three laboratory baselines selected by NASA
at the conclusion of Task B were repesentative of the early as well as the advanced
capability laboratories. Table 1-3 summarizes the typical test subjects associated with
these laboratories. The Mini-30 and Mini-7 were carried over into the Task C&D effort
to undergo integration and planning analysis. The Maxi-Nom was not included in the

follow-on activity.

Table 1-3. Summary of Baseline Payload Test Subjects

Number of Test Subjects Aboard
Baseline Payloads
PFE and Test Subjects Mini-7 Mini-30 | Maxi-Nom
Biomedicine:

Human Subjects ‘ 0 4 12
Vertehrates:

Chimpanzees 0 0 0

Macaques 0 2 2

Rats 0 16 (2 cm) 128 (16 cm)
Plants:

Marigolds 16 {1 cm)* {16 (1 cm) 128 ( 8 cm)
Invertebrates {1 cm) (1 em) ( 2 cm)
Cells and Tissues (2 cm) (2 cm) ( 2 cm)
Life Support & Protective Systems:

Hardware Test Units 1 : 1 1
Manned System Integration:

Human Test Subjects 4 4 12

*ndicates the number of cage modules (cm) to support the organism.

1.7 APPROACH TO LABORATORY INTEGRATION

The approach used to define the integration and planning activity associated with the

Life Sciences laboratories is shown in Figure 1-3. It includes (1) definition of research.
equipment, (2) review of sortie module resources available to support the research ‘
equipment, and (3) definition of additional subsystem equipment to be used to support the
research equipment. These three activities led to the definition of preliminary labora-

tories and the generation of planning information such as costs and schedules.
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Figure 1-3. Laboratory Integration Study Flow Chart

Research equipment requirements were based on the Mini-7 and Mini-30 laboratory
concepts defined in paragraph 1.6.5. The laboratory concepts were used in three
missions of the shuttle /sortie module. These were designated (1) the Shared 7~Day
Laboratory, (2) the Dedicated 7-Day Laboratory, and (3) the Dedicated 30-Day Labora-
ory. In defining the research equipment requirements of these laboratories, the equip-
ment was grouped according to its function, and an equipment unit data package was
formulated. The EU data package content is described in Section 2. 1 of this report.

Essential to the operational use of the research equipment are the organism ECS, data
management, electrical power, thermal control, and crew EC/LSS. These support-
ing subsystems were defined with respect to the research equipment requirements and
the existing subsystems aboard the sortie module,

From the research equipment and subsystems studies, integrated laboratory definitions
including layout drawings and overall laboratory properties were determined. Cost and
schedules for the orderly development of Life Sciences Laboratories were also estimated.



SECTION 2
RESEARCH EQUIPMENT DEFINITION FOR SORTIE MODULE LABORATORIES

2.1 DESCRIPTION OF EQUIPMENT UNIT DATA PACKAGE CONTENT

This section discusses the research equipment within the Shared 7-Day Laboratory, the
Dedicated 7-Day Laboratory and the Dedicated 30-Day Laboratory. In defining the re-
search equipment requirements of these laboratories, the equipment was grouped ac-
cording to its function, and equipment unit data packages were prepared. These data
packages follow a common format and are contained in Appendix I, Volume III of this
report. The general content of each of these data packages is summarized below. A
more detailed description of the data packages is contained in Appendix I.

Table 2-1 shows the groups of equipment units for which equipment wmit data packages
have been prepared. An equipment wnit (EU) is a group of equipment items (EIs) that
pertain to the performance of common functions such as preparation and preservation
of organisms and specimens.

The equipment units that pertain to general laboratory operations required by all the
FPEs are designated common operational research equipment (CORE), and the others
are designated FPE specific. These designations were derived in earlier studies and
their use was continued in this study. In all, there are 14 equipment wmit groups. These
groups contain from about 5 to 30 equipment items. '

Shown below is an outline of the kind of information to be found in the data packages in
Appendix I, Section 1.2 through 1.15 for each equipment unit group.
{1) EU Functional Capability & Summary Data

Summary of Weight, Power, Volume & Cost
(2) Equipment tems

Equipment List

Equipment Volume & Placement Figures
(8) Operations & Interfaces

Equipmeht Operations Analysis

Data Requirements

Consumables

Lawmnch & Re-entry Operations

Electrical Power



Table 2-1. Laboratory Equipment Unit Groups

EU No, Name
N
1 Visual Records & Microscopy Unit
2 Data Management Unit
3 Life Sciences Experiment Support Unit
4 Preparation & Preservation Unit *  Core Units
5 Biochemical & Biophysics Analysis Unit
6/7 Maintenance Repair & Fabrication Unit/Ancillary
Storage Unit J
11 Airlock/EVA Capability A
12/31 Biomedical /Behavorial Research Support Unit/
Biomedical Research Support Unit
26 Radiobiology Support Unit

40/41/42  Vertebrate Holding Unit/Primate Holding Unit/

Vertebrate Research Support Unit } §PEE'
50/51/70  Plant Holding Unit/Plant Research Support Unit & Ul:]jfs 1c

60/61

80

91/93

Invertebrate Holding Unit

Cells & Tissue Holding Unit/Cells & Tissues
Research Support Unit

Life Support Subsystem Test Unit

Behavioral Measurements Unit/Mobility Unit J

Heat Rejection
Typical Equipment Unit Functional Interfaces

{4} Equipment Ilem Cost Summary

(1) EU Fumctional Capability and Summary Data. This category contains summary

@)

)

information of the functional capability of the equipment unit and a table of
total weight, power, volume and cost. :

Equipment Items. Within this category is detailed information about each
equipment item. This includes a listing of all the equipment items’pertinent
properties and figures showing the volume and placement of these equipment
items within standardized racks and consoles. In addition to the detailed in~
formation on categories (1) and (2) contained in Appendix I, summary informa-
tion is also contained in Sections 2.2 and 2.3 of this report volume,

Operations & Interfaces. In the area of operations and interfaces each EU
data package contains information on an analytical operations model. This
operations model was developed based upon the functions to be performed with-
in the laboratories as listed in the fumctions inventory that was developed dur-
ing Task A&B of the preceding contract. This permitted the calculation of
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certain laboratory properties, such as electrical power use, while maintaining
a facility approach to laboratory definition. = The model is described in detail
in Section 6. Data requirements of the research equipment are also contained
in the data packages. These are discussed in detail in Section 3. 2 on the Data
Management Subsystem. Also included in the data packages is information on
the consumables required within the equipment unit, and general information
on any equipment requiring special consideration during launch or re-entry.
Electrical power and heat rejection requirements of the equipment are present-
ed. Typical research functional interrelationships between the equipment units
are also described for most of the EUs. These are intended as an aid to the
engineer in understanding how each equipment unit may be used by payload
specialists, and what other equipment units interact with the subject equipment
unit. This information is intended to aid in the proper placement of the equip-
ment units within the overall laboratory.

(4) Eguipment Hem Cost Summary. The last item listed is the equipment item
cost summary. The cost summary table indicates the type of development re-
guired as well as the time required for the development of aflight article. Each
of the three sortie module laboratories is listed with umit and development
costs for each individual EI and a summation for the total EU cost. Commer-~
cial costs for certain Els are listed for comparison. When appropriate, re-
marks pertaining to the cost factors of an EI are included in the table.

2.2 GENERAL DESCRIPTION OF RESEARCH EQUIPMENT

The following sections contain brief deseriptions of the functional capabilities and major
equipment within each equipment wmit group for which there is a data package in Appendix
I. Summary data on weight, volume and power for these equipment umits is presented

in Section 2. 3.

2.2,1 EQUIPMENT UNIT 1, VISUAL RECORDS AND MICROSCOPY UNIT, This equip-
ment unit provides the capabilility for obtaining and preserving records of visual experi~
ment phenomena and data. Major equipment items include movie cameras, still cameras,
video cameras, a biomedical recorder and microscopes. Currently, none of the cameras
or other equipment in EU 1 is anticipated to be operating during launch or re-entry
phases of the mission. Any such requirements are considered to be experiment-gpecific
and will be delineated when such experiments are to be flown. Major average power
consumers are the camera controller and cameras. |

2.2.2 EQUIPMENT UNIT 2, DATA MANAGEMENT UNIT, The equipment within this
EU is intended to supplement the spacecraft data management subsystem (DMS) to
provide the full capability to perform the Life Sciences research, Equipment in the

EU includes a CRT camera, portable interrogative display and keyboard, and a portable
oscilloscope. Small, general-purpose instrumentation is also included. A large data
requirement results from the ECG couplers in this EU, which monitor ECG data con-
tinuously; see Section 3, 2 for additional detail.
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2.2.3 EQUIPMENT UNIT 3 — LIFE SCIENCES EXPERIMENT SUPPORT UNIT.

This wit is intended to provide centralized supporting and vehicle interface equipment
for the Life Sciences payloads. Major equipment includes crew mobility aids, crew
restraints, gas storage vessels, and waste storage. The various gas storage vessels
must be replaced between flights, but are all expected to be small, high-pressure gas
storage bottles, which can be easily replaced.

2.2.4 EQUIPMENT UNIT 4 — PREPARATION AND PRESERVATION UNIT. This
equipment wnit provides the capability for the preparation and preservation of bio-
logical specimens and whole organisms. Preparation encompasses all the operations
for (1) obtaining and preparing specimens for on-board analysie (often by means of
equipment within the Biochemical/Biophysics Analysis Unit), and (2) preparing speci-
mens or organisms for preservation and return to ground. This includes such opera-
tions as autopsies, dissections, centrifugation, anesthetization, staining, substrate
preparation, sterilization, etc. Preservation operations include freezing, lyophi-
lization, fixation, etc.

Major equipment items include the laminar flow bench, centrifuges, refrigerators,
freezers, various kits, and mass measurement devices. Consumables in this EU in-
clude anesthetizer gas bottles, laminar flow bench liners, chemicals, ion exchange
columns, kit materials, millipore filters, and liquid nitrogen (LNg),which may have to
be loaded aboard the laboratories several hours before laumch. This Ng would be
continuously venting at an estimated rate of 0. 8 pound/day.

It is anticipated that none of the equipment within this EU needs to be operating durihg
launch (except for the cryogenic freezer; see above). The other refrigerators, freezers,
purge system, etc., can be activated with the activation of the laboratory in orbit. It
may prove advantageous and/or necessary to operate the refrigerators and freezers
during laimch operations prior to liftoff to maintain their contents at proper storage
temperatures. Precooling this equipment would also reduce the energy requirements
for its activation in orbit. However, during ascent and descent, it is anticipated that
this equipment can be turned off if necessary. The thermal capacity and insulation of
this equipment is expected to hold satisfactorily low temperatures during these relative-
ly short phases of the mission.

2.2.5 EQUIPMENT UNIT 5— BIOCHEMICAL/BIOPHYSICAL ANALYSIS UNIT. This
unit performs the major measurements and analyses of experiment specimens and
parameters, generally requiring more than simple instrumentation. These include
measurements of blood and urine constituents and properties, gas compositions, and
sound levels. Major equipment items inlcude an automatic blood analyzer, spectro-
photometer, blood cell counter, blood gas analyzer, mass spectrometer, and gas
chromatograph. Liquid nitrogen is required for the trace gas concentrator. Approxi-
mately 3 pounds/day have been estimated or 21 pounds for a 7-day mission, and 90
pounds for a 30-day mission. The trace gas concentator will require filling during
launch operations. Other consumables include chemicals for the various analyzers
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and bottled gas for the gas chromatograph. However, these are not time limited with
respect to sortie launch operations. None of the equipment in this EU is expected to
be functioning except during orbital experiment operations. Nitrogen boil-off from the
freeze trap will have to be vented during launch.

2.2.6 EQUIPMENT UNIT GROUP 6/7 — MAINTENANCE, REPAIR & FABRICATION
UNIT (6) AND ANCILLARY STORAGE UNIT (7). Equipment Unit 6 is intended to pro-
vide for maintenance, repair, or fabrication of payload equipment. For the short 7-
and 30-day missions nder consideration for the sortie module, the primary function
will be one of maintenance, with minor emphasis on repair and fabrication. Equipment
Unit 7 is ancillary storage space for primarily consumable items. Major equipment
items in EU 6 include a hand cleansing and sterilization device, waste solids com-
pactor, clean-up kit, tool kit, and electronic equipment for the maintenance and cali-
bration of electrophysiological sensors. Equipment Unit 7 consists of storage cabinets.

2.2.7 EQUIPMENT UNIT 11 — AIRLOCK & EVA CAPABILITY. This equipment unit
includes the major items required for EVA activities in support of Life Sciences test-
ing. By NASA direction, EVA test activities will not be performed aboard the Shared
7-Day Laboratory. Therefore, EVA equipment is needed only aboard the dedicated
laboratories. This equipment wnit includes an airlock, teleoperator control console,
and pressure suits. The shuttle orbiter airlock will be used for EVA. The sortie
module has no provisions for a pressure suit ventilation circuit. Thus, portable life
support systems (PLSS) backpacks will be used during suited tests. These are includ-
ed in EU 80, Life Support Subsystem Test Unit.

2.2.8 EQUIPMENT UNIT GROUP 12/31 — BIOMEDICAL/BEHA VIORAL RESEARCH
SUPPORT UNIT (12), AND BIOMEDICAL RESEARCH UNIT (31). These equipment
units contain equipment intended to provide behavioral and biomedical research func-
tions. Equipment Unit 31 contains equipment necessary for biomedical research but
not needed for behavioral research. Equipment Unit 12 contains equipment necessary
for both behavioral and biomedical research. In this way, if only behavioral research
is to be performed aboard a payload, EU 12 is selected for inclusion in the payload
complement of equipment. However, if biomedical research is to be done, both EU 12
and EU 31 are required. Major equipment items in EU 12/31 are the body mass meas-
urement device, experimenter's control console, elsctrophysiology display, rotating
litter chair, and bicycle ergometer.

2.2.9 EQUIPMENT UNIT 26 — RADIOBIOLOGY UNIT. This wnit supports radiobio-
logical studies and provides the capability for irradiating organisms or specimens,

and measuring radioisotope tracers. Major equipment items are the radiation detector,
radiation source and radiation source storage (in the Dedicated 30-Day Laboratory
only), and radiation counter.
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2.2.10 EQUIPMENT UNIT GROUP 40/41/42 — SMALL VERTEBRATE HOLDING
UNIT (40}, PRIMATE HOLDING UNIT (41), VERTEBRATE RESEARCH SUPPORT
UNIT (42). This equipment unit provides for holding (caging) vertebrates as well as
for research supporting functions specific to the vertebrate organisms. The environ-
mental control equipment necessary for the support of the vertebrates is presented
separately in Section 3.1 of this report. Major equipment items include two verte-
brate cage modules, two primate cages {dedicated laboratories only), and metabolic
mass balance measuring equipment. Consumables in these equipment units include
urine and fecal collection pads and filters, food, and miscellaneous equipment within
the veterinary kit. These are all small items for the mission durations being consider-
ed, and no special problems are anticipated. All these items are of the type that will
not need replacement wntil the end of a particular flight. Water is a relatively large
consumable but is included as part of the organism ECS.

Equipment Units 40 and 41 house the vertebrate organisms and therefore will require
special launch and re-entry considerations. Among them are:

a. Organism should be placed aboard the sortie module as close to liftoff as is practi-
cal, and removed as soon after landing as practical.

h. While the organisms are aboard during launch operations, ascent, descent, and
recovery, provisions should be available for monitoring the organisms. The launch
phase during which they should be monitored and the type of monitoring will depend
upon the particular experiment. At least TV and electrophysiological capability
should be available if needed. Thus, the data management subsystem must be
capable of operation during launch re-entry.

¢c. The ECS for the organisms must also be functioning during launch and recovery.

d. Orientation of the organisms with respect to gravitational, acceleration, and air
drag forces is an aspect involving launch and re-entry operations that will need
additional detailed study. The organisms will undergo various acceleration and
gravitational forces in various directions throughout the flight. They must be kept
as calm and quiet as posgible to prevent injury and trauma, whether self-inflicted
or externally caused. For this purpose, some form of restraint system has been
assumed for this study. Many types of restraint and protection systems can be en-
visioned (harnesses, cushions, air bags, ete.), but the details of such a system
are considered beyond the scope of this study. However, assuming that a restraint
gsystem is used, it will require emplacement prior to ascent and descent, and
removal upon achieving orbit and upon organism ground recovery.

Also, assuming that a restraint system is to be used allows the vertebrate cages
(and cage modules) a greater degree of freedom in their orientation in the sortie
module, That is, they are not constrained by the direction of the ascent and de-
cent acceleration vectors so long as these vectors are compatible with the restraint
system/cage design. The launch loads should be in a direction compatible with
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organism comfort and safety, and also should be in a direction so that urination
and defecation will not result in organism harm or functional damage to the caging
system; e.g., saturation of food pellets, shorting of electrical connections, etc.

2.2,11 EQUIPMENT UNIT GROUP 50/51/70 — PLANT HOLDING UNIT (50), PLANT
RESEARCH SUPPORT UNIT (51), INVERTBRATE HOLDING UNIT (70). These equip-
ment units provide the environmental enclosures for the growth of plant organisms,
invertebrate organisms, and the equipment to support plant research. Major equipment
items include the plant holding unit (cage module), an enclosure for making metobolic
mass balance measurements on plants, a clinostat, a plant tool kit, and a holding unit
for invertbrates. Launch and re-entry considerations for the plants and invertebrates
are similar to those for the vertebrates; see Section 2.2.10, The organisms should be
loaded as late in the launch sequence as practical and recovered as soon after landing
as practical. Depending upon the experiment, some data management equipment may
be required during ascent and descent. Ascent and descent acceleration and vibration
forces will probably require special protective devices during these mission phases.
The plant supports will require emplacement prior to descent and ascent, and removal
upon achieving orbit and landing.

2.2.12 EQUIPMENT UNIT GROUP 60/61 — CELLS AND TISSUES HOLDING UNIT
(60), AND CELLS AND TISSUES RESEARCH SUPPORT UNIT (61'). These equipment
units provide for the housing of cells and tissues as well as supporting research in
these areas. The major equipment includes two holding units (cage modules) for cells
and tissues. As with the other organisms, any cells and tissues being launched should
be loaded as late as practical in the launch sequence and recovered as soon as possible
upon return. DMS and ECS support may or may not be required during ascent and de-
scent, depending upon the particular experiment.

2.2.13 EQUIPMENT UNIT 80 — LIFE SUPPORT SUBSYSTEM TEST UNIT. This
equipment unit provides the capability to perform tests on LSS prototype equipment.
Major equipment includes portable life support systems for EVA, and an LSS test bench.
The latter is intended to provide support for a variety of experimental test apparatus.
Such support would include electrical power connections, coolant fluid connections,
structural support, vacuum connections, and general purpose insfrumentation.

2.2,14 EQUIPMENT UNIT GROUP 91/93 — MAN-SYSTEMS INTEGRATION (MSI)
MEASUREMENTS UNIT (91) AND MOBILITY UNTIT (93). These equipment units pro-
vide the capability to test man's behavior and performance in space and his interaction
with various types of equipment. Major equipment items are the psychomotor per-
formance console, the force/torque measurement taskboard, the vision tester, pro-
tective corridor devices, and the EVA, MSI task simulator (required only on the dedi-
cated laboratories).




2.3 SUMMARY DATA FOR RESEARCH EQUIPMENT

The weight, power, and volume characteristics of the research equipment within the
Life Sciences Laboratories is presented in the following paragraphs of this section.
Summary data on costs and data requirements for the research equipment are present-
ed separately in Sections 8. 0 and 3. 2, respectively.

2.3.1 RESEARCH EQUIPMENT WEIGHT. The weight of the research equipment with-
in each EU group is shown in Table 2-2. A weight allowance has been added for each
laboratory to account for the racks and consoles used to house most of the research
equipment. Preliminary analysis conducted during Tasks A and B indicated that a
standard rack or console would weigh approximately 30keg {66 1b). Therefore, this
value was used in this study. For research equipment not mounted in racks and con-
soles, such as the rotating litter chair, the weight of the item itself was assumed to
include the necessary mounting supports, brackets, ete.

The weight of the Dedicated 7-Day Laboratory increases over that of the Shared Lab-
oratory because of a substantial increase in research equipment. The Dedicated 30-
Day Lahoratory increases over the Dedicated 7-Day Laboratory because of a slight
increase in research capability, but mainly because of the extra consumables required.

Table 2-2. Life Sciences Laboratory Research Equipment Weight Summary

Equipment Weight, kg
Shared Dedicated Dedicated

EU No. Equipment Units 7-Day Lab. 7-Day Lab. 30-Day Lab.
1 Visual Records & Microscopy 181 258 299
2 Data Management 34 84 34
3 Life Sciences Experiment Unit ’ 157 195 . 285
4 Preparation and Preservation 316. 360 ’ 533
5 Biochemical/Biophysieal Analysis 230 453 582
8/ Maintenance, Repair/Storage 94 156, 331
11 Airlock/EVA Capability 0 235 235
12/31 Biomedical /Behavior Support 326 383 383
26 Radichiology Support 114 115 133
40/41/42 | Vertebrate Holding & Support 210 330 380
50/51/10 Plant Holding & Support/Invertebrates 112 125 125
60/61 Cells and Tissues 74 74 78
80 LSS Test Unit 54 114 114
90/91 MSI Measurements/Mobility 72 118 142
Subtotals 1974 3000 3724

Racks & Consoles @ 30 kg each 210 (%) 300 (10) 360 (12)

Totals ' 2184 kg 3300 kg 4084 kg
{4804 1b) (7260 1b) (3985 1b)




2.3.2 RESEARCH EQUIPMENT VOLUME. The standard-sized racks and consoles
developed during Tasks A and B were used to hold the research equipment. The outlines
of a rack and console are shown in Figure 2-1. Each is 0,61 x 0.61 X 2. 0 meters.

The equipment items in each EU were conceptually placed in the racks and consoles as
shown in the example in the figure. The excess volume represents an allowance for
improper fit, room for brackets, etc., within the console and the console volume itself.
The names and volumes of each EI are listed in the tabulation to the left on the figure.
Note that a cubic decimeter is approximately equal to one liter (=1 quart), and there
are 1000 dm3 per m3 and 28. 3 dm3 per cubic foot. To the right of the figure is a list
of Els within EU 5 that are distributed around the laboratory because of their specific

function.

Using the placement and volume data for each EU within the three laboratories, sum-~
maries were prepared as shown in Tables 2-3, 2-4, and 2~5. These tables show the
number of racks or consoles needed to house the research equipment within each EU
group and the resulting volume of the racks or consoles. The tables also list the stor-
age volume required for several small and special EIs. These could be placed in
ancillary storage (EU 7) or in miscellaneous storage areas within the sortie module.
Distributed items are those not amenable to placement in racks or consoles. The
volume of these items is tabulated along with a brief description of the major items
within this category; see Figure 2-1. The volume of the racks and consoles added to
the volume of the extra and storage items makes up the total research equipment volume
aboard the sortie module,

EQUIPMENT ITEMS IN RACK & CONSOLE DISTRIBUTED OR EXTRA EQUIPMENT ITEMS
INGT HN RACK OR CONSOLE}
vOL. RACK CONSCLE VOL.
E.i. NUMBER & NAME dm3 {0.61 m DEEF) {0.61 m DEEP) E.l, NUMBER & NAME dm?
IN RACK: ’“3555‘
7 AUTOANALYZER 425 & 138 | 187 ‘ 184 GAS MANIFOLD 28
1 SPECTROPHOTOMETER 283 6L 504 MANIFOLD FLOW CONTROL 14
TOTAL 708 " 86 cognmwzen 1
EXCESS VOL. ALLOWANCE 36 hagol 85 a MASS SPECTROMETER (1) 6
93 DEW PGINT SENSORS 104
IN TOP OF CONSOLE: 1258 METERS IMISC,) 1
B2  CELL COUNTER 57 125C AMPLIFIERS NEGL.
B4 COLONY COUNTER 14 180A TRACE GAS CONCENTRATOR 28
0L FIBROMETER 20 TOTAL 182
85 BLOOD GAS ANALYZER 45
90 MASS SPECTROMETER 57
£l MASS SPECTROMETER (1) 6
138 pH METER 23 SMALL STORAGE EQUIPMENT ITEMS
157 SOUND METER 28
TOTAL 750 (CAN BE STGRED IN MISCELLANEOUS
EXCESS VOL. ALLOWANCE 4D SMALL STORAGE AREAS)
iN BOTTOM OF CONSOLE; VOl
8 GAS CHROMATOGRAPH 207 E.l. NUMBER & NAME dm-Jr
125C  REFRACTOMETER :
1268  MICRDPHONES (5) 1(NEGL NONE
179A  THERMOCOUPLES

TATAL 208
EXCESS VOL. ALLOWANCE 75

0.61m I 061m —.—]

Figure 2-1. Sample Equipment Volume and Placement. Figure from
EU Data Package — EU 5, Biochemical/Biophysical
Analysis Unit, Dedicated 7-Day Laboratory
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Table 2-3. Summary of Payload Research Equipment Volume,
Shared 7-Day Laboratory

Racks or Consoles | SBtorage Digtributed or Extra Items
o Vol, Vol, | Vol, Description of
EU No. Equipment Units No. dm? dm? |dm? Major Items
1 Visual Records and Microscopy 1/2 372 0 74 Video Equipment
2 Data Management 0 0 0 86 Diaplay
3 Life Seiences Experiment Unit 0 0 0 237 Gas Vesassels. & Crew
Restraints
4 Preparation & Preservation 2 1488 o 576 Laminar Flow Bench
5 Biochemical & Biophysical Analysis 1 744 0 137 Gas Analysis Equipment
&/7 Maintenance, Repair /Storage 1 744 0 0 '
11 Airlock & EVA Capability 0 0 0 0
12/31 Biomedical /Behavioral Support 1 744 0 |4388 Ergometer, Litter Chailr,
Body Mass Measurement
26 Radiobiology Support 1/2 372 0 0
40/41/42 Vertebrate Holding & Support 0 0 56 376 2 Cage Modules & 2 Monkey|
Containers
50/51/70 Plant Holding & Support/Invertebrates 0 ol 216 376 2 Cage Modules
60/61 Cells & Tissues 0 0 14 376 2 Cape Modules
80 1SS Test Unit 1/2 372 0 57 Manifold
90/91 MSI Measurements /Mobility 1/2 372 0 0
Totals 7 G208 286 6683

Total Laboratory Research Equipment Volume . .

12,18 m3 (430 £t3)

Table 2-4. Summary of Payload Research Equipment Volume,
Dedicated 7-Day Laboratory

Racks or Cengoles |Storage Distributed or Extra Items
VoI, Vol, | Vol, Description ol
EU No. Equipment Unit Group No. dm3 dm3 |dm3 Major Itemas
1 Visual Records & Microscopy 1/2 a7z, 0 91| Video Equipment
2 Data Management 0 0 0 188 | Electronics
3 Life Sciences Experiment Unit 1] 0 0 324 Gas Veissels & Crew
Restraints
4 Preparation & Preservation 2 1488 0 579 Laminar Flow Bench
5 Biochemical & Biophysical Analysis 2 1488 0 183 { Gas Analysis Equipment
6/7 Maintenance, Repair /Storage 1 744 o 0
11 Airlock & EVA Capability 1 Td4 0 283 Teleoperator Console
12/31 Bicmedical /Behavioral Support 1-1/2 1116 0 4388 Ergomster, Litter Chalr,
Body Mass Measurement
26 Radiobiclogy Support 1/2 372 ] 0 '
40/41/42 Vertebrate Holding & Support 0 0 69 [1508| 2 Cage Modules & 2 Maukey|
Containers
50/51/70 Plant Holding and Support/Invertebrates | 0 0 216 376 | 2 Cage Modules
60/61 Cells & Tissues 0 0 14 376 2 Cage Modules
80 1SS Test Unit 1 TEE 0 57 Manifold
90/91 MSI Measurements 1/2 372 0 566 | Task Simulator
Total 10 T44() 299 8919
N J

Total Laboratory Research Equipment Volume .

W

. . 16.66m3 (589 13
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Table 2-5. Summary of Payload Research Equipment Volume,
Dedicated 30-Day Laboratory

Racks or
Consgles Storage Distributed or Extra Items
EU T vel. | vol. [vel Description of
No. Equipment Unit Group No. dnf’ dnt’ dnf? Major Items
1. Visual Records & Mioroacopy 3 a2 0 91 | Video Equipment
2 Data Management o 0 [} 188 | Electronics
3 Life Sciences Experiment Unit 0 0 0 472 { Gos Vessels & Crew Restraints
4 Preparation & Preservation 3 2232 ¢ 587 | Laminar Flow Bench
5 Biochemical & Biophysical Analyais 2% 1860 1) 23% | Gas Analysis Equipment
6/7 Maintenance, Repair /Storage 13 1116 0 0
11 Airlock & EVA Capability 1 744 0 238 | Teleoperator Console
12/31 Biomedical /Behavioral Support 1-1/2[ 1116 V] 4383 | Ergometer, Litter Chair,
Body Mass Meas.
| 26 Radioblology Support & 372 0 1] --
40/41/42  Vertebrate Holding and Support .} 0 0 69 1608 | 2 Cage Modules & 2 Monkey
Containers
50/51/70  Plant Holding and Support/Invertebrates 0 0 216 376 | 2 Cage Modules
60/61 Cells & Tissues 0 ¢ 28 376 | 2 Cage Modules
30 L3S Test Unit 1 144 0 57 | Manifold
90/91 M. 8.1. Measurements/Mobility 1/2 372 0 679 ! Task Simulator
Totala 12 E928 313 2291
Total Leboratory Research Equipment Vol. - - - - - ~18.53 m3 (655 fts)

2,3.3 POWER R TS. Averaged power require-

ments for all the research equipment was obtained from the operations model tables,
an example of which is shown in Section 6, Table 6-1. A summary of these average
power requirements for each equipment unit group is shown in Table 2-6. Off-duty
power is that generally associated with continuously operating equipment or automatic
equipment. On-duty power includes the requirements of the equipment used by the
payload specialists during their 12-hour period in attendance of experiments within

the sortie module. A 24-hour average value is also shown and was used in preliminary
calculations on electrical power subsystem fuel requirements and thermal control sub~
system loads,
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Table 2-6. Summary of Electrical Power Consumption

of the Research Equipment

Shared Dedicated Dedicated

7-Day Lah, 7-Day Lab. 30-Day Lah.

On off On Off On Off

EU No. Equipment Units Duty* | Duty* Duty* | Duty* Duty* | Duty*
1 Visual Records & Microscopy 224 219 261 237 271 246
2 Data Management ' 108 100 155 146 155 146
3 Life Sciences Experiment Unit 20 20 65 64 65 64
4 Preparation and Preservation 257 85 277 85 541 335
5 Biochemical/Biophysical Analysis 88 80 315 225 320 225
8/7 Maintenance, Repair/Siorage 10 0 27 0 27 0
11 Airlock /EVA Capability 0 0 0 0 0 0
12/31 | Blomedical/Behavioral Support 26 6 56 6 56 6
26 Radiobiclogy Support 5 0 14 0 15 0
40/41/42 | Vertebrate Holding & Support 82 82 195 195 230 230
50/51/70 | Plant Holding & Support/mvertebrates 130 130 | 131 130 131 | 130
60/61 Cells and T1ssues 100 100 100 100 100 100
80 LSS Test Unit 200 200 200 200 200 200
90/91 | MSI Measurements/Mohility 0 0 2 ] 4 0

TOTALS 1245 1022 | 1798 1388 | 2115 | 1682 |
24-Hour Average Power Consumption 1134 1593 1899
*12 Hours
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SECTION 3

SUPPORTING SUBSYSTEM DEFINITIONS

In the preceding section, the research equipment contained in the Shared 7-Day, Dedi-
cated 7-Day, and Dedicated 30-Day Laboratories has been discussed, These labora-
tories and their equipment are contained in and supported by the sortie module, de-
scribed previously in Section 1.5. The sortie module contains certain baseline sub-
systems for the supply of electrical power, data management, and thermal control
support to the research equipment and processes, These subsystems were reviewed
during this study to determine whether the baseline sortie module could adequately
support the Life Sciences research equipment. In addition to the baseline sortie module
subsystems, an organism environmental control subsystem (ECS) is needed for the
organisms aboard the laboratories, This was also studied.

The results of the various subsystem studies are described in the following sections.
3.1 ORGANISM ENVIRONMENTAL CONTROL SUBSYSTEM

3.1.1 REQUIREMENTS. The organism environmental control subsystem (ECS)*

design depends upon organism metabolic rates., The metabolic data used in these studies
are given in Table 3-1. They are based on the data presented in Reference 7, and are
estimated to be conservative (high). The total quantities of organisms indicated are
based on multiples that can be housed in a standard organism-holding unit referred to

as a cage module.

The cage module concept has been developed by Convair Aerospace and can be used,
with modifications, to house small vertebrates, invertebrates, plants, or cells/tissues.
k is a closed but ventilated cabinet approximately 0.6m high x 0. Tm wide X 0.6m deep.
B is intended to operate at a slight negative pressure relative to the cabin to prevent
contamination of the manned compartment of the sortie module. The closed nature of
the cage module can also provide isolation between different groups of experiment
organisms. When the doors are open for performing experiments, the cage module

is intended to be mated with a laminar flow bench (glove box) to further minimize the
possibility of cabin contamination. The cage module, containing 8 cages for rats, is
shown in Figure 3-1,

*The term organism ECS, rather than organism EC/LSS, has been used throughout
this report, since the subject subsystem is primarily devoted to environmental control
rather than life support functions,
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Table 3-1, Metabolic Data Used for ECS Design Concepts

Lo DEDICATED AND SHARED LABORATORIES ’  DEDICATED ONLY

g-€

= -t
. 2 Cells & Tissues Cage
11 Flant Cage Modula, 1 Invertebrate Cage Modules, & g dry weight | 2 Vertebrate Cage !
1 16 Sunflowers (5 g dry | Module, 1¢,000 Fruit ' Rat Tissue in each Modules, 16 Rats 2 Primate Containers,
“each, 57 pl COy/100 mg - Flies (prepupa, 2,15 mg | (8.75 mm Og/mg dry (350 g body weight 2 Maceques
dry weight per hour) ea,, 3,68, Op/hr each) | weight per hour) each) (9.1 kg each)
1. OXYGEN CONSUMPTION
g/doy (1b/day) -1, 56 (~0.0035) +1.26 (+0. 0028) +3.0 {(+0. 00GT) +288 ¢+0.634) +411 {+0., 905)
g/7 days (Ib/7 days) -10.9 (-0, 024) +8. 82 (+0.0194) | +21.0 (+0. 0467) bos2016 (+4.44) +287% (+6.34)
2. co, PRODUCTION
g/day (1b/day) -2,14 (=0, 0047} +1.73 (+0., 0038} +1,12 (-+0. 0091} +338 (+0.744) +481 (+1.06)
£/7 days (1b/7 days) -15.0 (—0-033) +12,1 (+0, 0267 +28.8 {+0. 064) +2366 (#5.21 +3370 (+7.42)
3
$.  LIOH CANISTERS REQUIRED I
g/day (b/day) | -2.85 {~0. D0E3) +2.3 (+0. 0051) +5.48 +0.012) +450 (+0.991) +645 (+1.42)
g/7 days (1b/7 days) -20.0 {-0.044) +16.1 {+0. 035) +38.4 {+0.084) +3150 [+6.94) 510 +9. 04}
cc/7 days (B3/7 days) -49.8 {0.0018) +39.6 (+0. 0014) +95.2 {(+0.0034) +7860 +0. 271 +1%, 200 {+0. 396}
4. FOOD REQUIRED :
g/day (lb/day) in media negt. included in media +208 (+0. 458) +306 +0. 674)
g/7 days (1b/7 days) +1460 +8.21) +2140 (+4.72)
ce/? days (ft3/7 days) +1040 (+0,0369) | +1533 (+0. 0541)
5. FECES PRODUCED
g/day (Ib/day) ’ -- - - +51.8 (+0.114) +76.7 {+0.169)
g/'7 days (Ab/7 days) +362 (+D.798)  +537 #+1.18)
ec/7 daya (it3/7 dayn) _ +362 #0.013) | +536 {+0.019)
6. DRINKING WATER REQUIRED
g/day (b/dxy) 1.5 liter/wk maximum negl. negl. +399 (+1.54) +1090 +2.41)
g/7 days {Ib/7 days) was assumad for plant ; +4850 +10.8) | +7660 +16.9)
cc/7 days (®3/7 days) watering ! +4BED (+0.172) | +1840 {+0.270)
7. WATER TURN-OVER*
g/day (Ib/day) . - - - E +B2B {+1.82) +1280 +2_82)
g/7 days (Ib/7 days) i +5800 *12.7) E +BB50 (+19.7)
ce/7 days (5/7 days) +827 +0.0292) | +1280 {+0. 0451)
8. HEAT OUTPUT
Sensible Heat J/s (btu/Er) negl. negl. negl. 27.2 (92.8) 46.4 {158}
Latent Heat J/s (Btu/hr) " " i 15.0 (51.2) 12.8 (43, 6)
Total Heat J/s (Btu/hr) " " " 42.2 (144. 0) 59,2 (202)
*Water output in wrine, respiration, perspiration, and feces.




CAGE MODULE Table 3-1 also indicates the organism

CAGES (RAT) load aboard each of the three Life
ELECTRONICS ' Sciences Laboratories. As shown, the

CAMER DRIVE Shared 7-Day, the Dedicated 7-Day,
—— and the Dedicated 30-Day Laboratories
- all have:

1 plant cage module

S —— 1 invertebrate cage module

2 cells/tissues cage modules, and

LRINE & FECES TRAY 2 small vertebrate cage modules.
WITH FEEDER
HERMETIC D00 ‘ In addition, the dedicated laboratories
Figure 3-1, Cage Module have 2 primate containers.

The type and quantity of organisms indicated in the table for each cage module and the
primate cylinders were used as the basis for the ECS design calculations.

The plant, invertebrate, and cells and tissues loads are quite small and-are based on
the organisms indicated in the table. These rates are quite variable, depending upon
the type of organisms and number contained in the cage modules. However, since the
resulting metabolic loads on the ECS are so small, a large design margin can be pro- -
vided so that the variability should not require major design changes in the ECS. Such
a margin has been included in the preliminary ECS concepts and their weight, power
and volume allocations. As an example, the oxygen required for the plants, inverte-
brates, and cells and tissues for 7 days is 18.9 g (0.042 1b) as obtained by adding the
values in Table 3-1. However, approximately 0,20 kg (0.4 Ib) of oxygen was included
in the ECS allowance for these organisms. Hence, -a great deal of over-capacity can
be included without any appreciable impact on the overall weight of the payload. Also,
the system for 7 days is also adequate for the 30-day mission. As indicated in Table
3-1, the nutrient and water requirements for the plants, invertebrates and cells and

tissues are negligible,

For the small vertebrates, rats were used to size the ECS. Rats have a fairly high
metabolic rate, and the use of other organisms within the cage modules is not expected
to result in significantly larger loads on the ECS than those produced by rats. Also,

a fairly large rat (350 grams) was used as the basis for the values shown in Table 3-1,
As indicated in the table, 16 rats (2 cage modules) require 2.0 kg of 0‘2, 3.2 kg of
LiOH, 1.5 kg of food, and 4.9 kg of water for 7 days. The primate data is based on 2
macague monksys weighing 9.1 kg each. They require about 50% more oxygen, LiOH,
food, and water than the 16 rats, . The total metabolic quantities for the vertebrates for
both 7-day and 30~-day missions are summarized in Table 3-2. A comparison between
the metabolic oxygen and heat output of the small vertebrates and man is shown in

Table 3-3.
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Table 3-2, Summary of Design Metabolic 3.1.2 VERTEBRATE ECS CONCEPTS.

Quantities Used for the Verte- The vertebrates considered in this sec~
brates Aboard the Sortie Module tion include both the small vertebrates
Laboratories and the primates. Two cage modules

of small vertibrates are contained in
all the payloads being considered, In

Totals for

Totals for Dodioated addition, the dedicated payloads contain
T-Day Labg 30-Day . .
Shared | Dedicated |  Lab 2 primates, each housed in a separate
Metabholle Requirement {kg) k) kgl

cage, with an external cylindrical shape,

02 Consumptlon 2.0 4,0 21.0
€0, Production 2.4 5.7 2.6

1JOR Neoded (incl. canlsters) o n a8 3.1,2.1 BSmall Vertebrate ECS, It was
Food Consurmpton 1.5 3.6 15.5
Foces Produsad ot 0o an assumed that the two cage modules (con-

Driking Watse 4.9 1.5 55.7 taining 16 rats) could share common

ECS components and be connected in
Table 3-3. Metabolic Data for Monkeys and  parallel to a common ventilation loop,
Rats Compared to that of Man which is shown in Figure 3-2 and includes
LiOH for CO4 removal, a condenser/
separator for dehumidification and cool-

et G Conmpton T Henl Dot ing, and blowers for circulation, Con-
2:2“::: — K:.’::Y B :jou ""1'_:"“ denser accumulators, fresh water tanks,
Moukey a1 0.20 an 2,560 " and high pressure oxygen are also used,
Rat 0.5 0.018 46.3 20 | 5l Eacheage module contains 8 rats in

individual cages, which are ventilated

in parallel. Each cage contains feeding
and watering equipment, as well as a urine and fecal collection filter pad. It was also
agsumed that charcoal filters were contained in the cages for the removal of gaseous
trace contaminants from the air stream leaving each cage. Placement of the charcoal
filters in the 16 cages makes available a large total cross-sectional flow area and mini-
mizes pressure drop through the charcoal compared to the placement of a smaller filter
in the processing loop ducting, Also, design of the charcoal integral with the cage
filters provides a convenient means of replacement. That is, when the urine pad filters
are replaced, the charcoal can be replaced simultaneously,

The LiOH canister is placed in parallel with the loop blowers to minimize canister size
as well as pressure drop, The flow through the canister depends upon the CO removal
efficiency and the leop CO2 content. Assummg a drop in CO partial pressure of 267
N/m? (2 mm Hg) through the LiOH, the canister air flow requlred is 0.49 g/sec (3.9
lb/br and 0.87 cfm at 70°F and 14,7 psia).

Humidity is controlled in the cage modules by controlling the amount of coolant flowing
through the cooler/condenser, which in turn controls the dew point temperature of the
air leaving the cooler. The air temperature is controlled by varying the ratio of air
bypassing the cooler to that flowing through it. This preliminary concept is based on
an approximate heat loads analysis without detailed analysis of parasitic loads and off-
design conditions. Such considerations would have to be analyzed before a final ECS
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2 CAGE MODULES AIR 579/SEC (450 LB/HR) o> TO CABIN
3

CONTAINING 16 RATS, {94 SCFM) 1 CONTAM.
OR 1 PRIMATE CAGE CONTROL
SYSTEM
i 3
VERT. VERT. A
HOLDING HOLDING 'A A
[UNIT | UNIT | LiOH '
FILTER FILTER o o BLOWERS
r »
* oy * w b
0, CONTROL T TEMP. CONTROL

&8

| HUMIDITY |
| CONTROL BY PASS b »
L

)
b 5, ! i . AR
N
!
— COOLER &
TO GAS “+ i i CONDENSER/SEPARATOR
ANALYZER — -
4
COOLANT CYCLIC WATER
_ ACCUMULATORS

CONDENSATE

Figure 3-2. ECS Loop Concept for Vertebrate Holding Units

loop and control system configuration can be determined. Silica gel was also con-
sidered for dehumidifying the ECS loop air. Approximately 4 grams of silica gel per
gram of water would be required, and its specific volume is 1.6 cc/g. The total water
turnover (see Table 3-1) represents the total dehumidification load and regults in the
following:

Total Water | Total Sillca
Turnover Gel Reg'd
g kg dm? (i)
Shared 7-Day Lab 5.8 23.2 % (1.3)
Dedicated 7-Day Lab 14.8 59.2 9% .4
Dedicated 30-Day Lab £3.2 253 104 (14.3)

Although the quantities for the 7-day missions are not excessive, the quantity for 30
days was considered too heavy and bulky for use. (The laboratory weight for the 30-
day mission exceeds sortie module launch weight capability.)} Therefore, in the interest
of making all three systems common, the silica gel was not selected for use.

Preliminary weight, volume, and power estimates for the environmental control loop
components and consumables for the two small vertebrate cage modules are shown in
Table 3-4. For 7 days, the total requirements are 43 kg {95 1b), 118 dm? {4.18 fts),
and 110 watts. For the 30 day mission, 3 additional water supply tanks (of approximate
7-day capacity) are needed to supply drinking water. These tanks, when empty, are
used to store condensate. Consumable supplies of drinking water, food, LiOH, and
oxygen are also increased for the 30-day mission, The total requirements are 100 kg
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Table 3-4. Preliminary ECS Weight, Power, (220 Ib), 190 dm® (6,71 ft%), and 110
and Volume for Two Small Ver-  watts. Power for lighting is excluded

tebrate Cage Modules here, since it is included in the power
allocation for the individual organism
T cages, and is included in laboratory re-
Weight, | Volume, FPower, .
ltem kg | dm®  wuis search equipment.

Fixed Hardware for T Days:
Ducts and Tublng

Tuct & Tubing Valves

Condenser & Controller

Condensate Cyelic Accumulator Assy.
Condensate Collection Tank (1)

Water Supply Tank (1)

.

3.1,2,2 Primate ECS. The primate
ECS requirements are sufficiently
gimilar to those for the small verte-

o
oo oL e o

Dlowere (2 instucd) R brates housed in the cage modules that
Total Fixed Hardware for 7 Days 24 103.5 105
the same ECS loop can be used. One
Congumables for 7 Days: .
Drinking Water 0 |tk o -loop, as described above, was used for
Food ! 4 in em* o . .
LiOH Canisters 3 80 each primate cage. The flow schematic
Oxygen + Tankage + Controller ! g 5.9 5 . .
Lot Gomsarnabies for 7 Daye T | mr s is identified except for the substitution
Grand Total for 7 Daya Doas s a0 of one primate cage for the two verte-

L 04,0 Iby (4. 156D

grate cage modules shown in Figure 3-2,

Add-gn Fixed Hardware for 30 Days:

[ DN | ER—

Water Supply Tonks (3} J ’ 24.0 [
f
Total Fixed Hardw, fay 30 D | 27 | 127.5 1i0 .
ol Fver Huwuare Ty 20 e f A weight, volume, and power breakdown
C hles for 30 D : . .
O riaking Wator b men| o for the two ECS loops supporting the two
Food *+ 7 HLE) 1} M + . .
110K Comisters C o ome o primate cages is given in Table 3-5,
1 2 : . . x
—Corgen ¢ Taniags oot gy 0 The fixed hardware for 7 days is identi-

Total Consumables Jor 30 Daya T3 62,3 1]

Grand Total for 30 Days 100 139_33 110 Ca]. to that used fOI‘ the tWO Small VeI‘te'-
wom = cage modile — e brate cage modules, Consumables are
F*Food vol hown 18 that of stored food tor 24 days. ‘The volume of food for s .

T s‘jﬂ“t‘?},"m‘;:g;ﬁ“;m:t:e"cf;eMu,_ej;m,‘ e, TreremmEs slightly higher since the metabolic load

of 2 macaques is greater than that of

16 rats. The totals for the Dedicated
7-Day Laboratory are 72 kg (158 1b}, 227 dm? (8.0 ft3), and 220 watts. For the Dedi-
cated 30~Day Laboratory, the increase in consumables results in 153 kg (337 1b), 327
dm3 (11,5 ft3), and 220 watts. The shared laboratory does not contain monkeys.

3.1.3 ECS CONCEPT FOR PLANTS, INVERTEBRATES, AND CELLS/TISSUES. The
requirements for ventilating the plants, invertebrates and cells/tissues are substantially
different from those of the vertebrates, The air flow requirements are very low, the
quantities of consumables and rates of mass exchange are also very low, and in some
cases negligible, The system concept established herein will satisfy the requirements
of both the 7~ and 30-day missions.

The single ECS loop concept shown in Figure 3-3 supports four cage modules. It in-
cludes LiOH for CO; removal, a condenser for humidity control, an oxygen resupply
bottle, and pumps for air circulation, For the 7- and 30-day missions, silica gel
could have been used for dehumdification within the loop. However, the condenser was
decided upon, since it will be needed for future longer duration missions.
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The loop is maintained slightly below

Table 3-5. Preliminary ECS Weight, Power,
and Volume for Two Primate cabin atmospheric pressure, so that
Cages any leakage will occur into the organ-
ism holding units and minimize the
Ave, possibility of cabin contamination, The
ttom WhEN| Voluge. | Powery leakage that does occur will be vented
Fixed Hariware for 7 Daya: 4 | 209 210 to the cabin contaminant control system
oe Sl Verichrais £CS & fnchuded) through the pressure control valve,
%ﬁw g | mtanks | g Humidity is controlled in the loop by
Lot Gunister ol il B controlling the coolant flow to thc con-
P p— M R o denser, Individual heaters in the cage
Totals for 7 Days e 12 [ 22008, | 220 modules provide temperature regulation
e e Ll of each module, The relative humidity
——Water Supgly Tanks ¢4) 4] s | o in each module can be controlled to some
Fotsh Fled tazdvare for 30 Deys i extent by controlling the amount of air
W 31 |l intanks | o introduced into the cage module. For
To0M Castors MRS example, in the plant module, the plant
‘ms o 1:1" ‘ ::: z root ball and media will be moist and
Tatals oz 30 Days I T may be configured so that evaporation
(37 16 | (11,5 1) from it will cause the humidity to in-
*Food valume shown is that of stored food for 15 days. The volume of food crease, Thus, the introduction of dry
ottt I e privele cagen was agsumen 1o be enough for the frst 18 oy air from the loop can be used to control

the humidity to the desired level.

. Air
c
(Typ) 'uolant l
{ R .. S | _Hir. . Hbr. { —_Htr.
L Plant T vert —* Celis & = = Cells &
— : .
Cage Cage Tl‘s’sues - T;:S:XGS
P Module Module » ‘:]gclze . » ‘;—"i
odu Module
To Gas —_ = — - % % %
——m—— ]
Analyzer I To Cabin
P Q’ - - Contam.
Controller < Coolant Humidity (Dew gontrol
! 90%2BL point) Control 0.7 g/sec ystem
| : } #_Of— —Q _% 5.4 Th/hr)
' | Filter | | Filter I | L(1. 2 efm)
: LiOH LiOH |
] .
&l 1 Air
High 0, H-0 Condenser-
. Pressure O, Separator
Cyclic H,0

Accumulator

ECS Loop Concept for Plants, Invertebrates, and Cells/Tissues
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However, the plant cage module flow cannot be excessive, since it is desired to mini-
mize plant perturbations due to air flow past the leaves, stems, etc. A design value
of 0.17 g/sec (1.35 1b/hr) or 0.3 cfm at 70°F and 14,7 psia) was chosen. This results
in approximately 5 air changes per hour in the plant cage module and an estimated g
loading on a typical leaf of less than 1072 g. This same value of 0,17 g/sec was also
used for the other three cage modules, resulting in a total loop design flow of 0.7 g/sec
(5.4 1b/hr).

The plant cage module contains 140 watts of lighting, and the resulting heat load will
probably be rejected to the sortie module liquid coolant, This coolant can be used to
control the plant module temperature, When the lights are off, a heater will be used
to maintain the cage module at the desired temperature if this temperature is above
the ambient cabin temperature. These components, such as lights, heaters, coolant
controls, are part of the cage module and have not been included in the list of ECS
equipment, which is given in Table 3-6, Similarly in the case of the invertebrate and
cells/tissues cage modules, internal heaters, controls, etc,, are considered to be
part of the cage module. The weight, volume and power of these components are in-
cluded in the research equipment inventory lists.

Table 3-6. Preliminary ECS Weight, Power, The heaters shown in the cage modules

and Volume for Plants, Inverte- are integral with the cage modules. Ex-
brates, and Cells/Tissue (All terunal air heaters in the ECS loop are
Laboratories) not used to provide the heat to the cage

modules because the low air flow rates

are not sufficient to provide the neces-
e hvaadl Bk 1 I i sary quantity of heat. For example, in
Fixed Hardware a cells and tissues module held at 310°K
Tubing & Fittngs 3 8 0 R
Valves 2 1.4 0 {37°C), the heat loss to the surrounding
Condenser/Separator & Control 1 0.5 5
Condensate Accurmnulator 1 0.5 1} Cabin was eStim ated at 50 WﬂttS, therma].-
Condensate Collection Tank 1 B Q . N . .
watzr Supply Tank 1 8 0 This would require an inlet air tempera-
Alr Py included) 9 [ B
A Puma & hnsluced ture of 588°K (315°C or 625°F) at the low
Lotal Fixed tardware 18 32.4 55
7 & 30 Lays) air flow rate through the cage module,
Consumables (for 7 to 30 Bays) ) and would resulf in excessive tempera-
Water for Plants 7 in tank ]
Lioll + Filters 1 2 o ture gradients within the module. In
Oxygen 1 Tankage + Control 1 1.5 5 . . .
Total Consumakles . 0a 5 order to maintain uniform temperatures
within the module and minimize heat
Total Fixed Hardware t z7 35.9 60
Consumables (7 - 3¢ Days) 59.416) | (1278 losses, the module heater should be

integral with the internal structure of
the module,

Another requirement, which is best integrated with the cage modules, is the require-
ment for bacterial air filtration to prevent cross-contamination between the modules,
For this purpose, a millipore filter was assumed to be placed at the air inlet to each
module, A radial filter was used to minimise the A P.

3-8



The list of ECS equipment is shown in Table 3-6. The power estimated for the air
pumps was based on an assumed loop pressure drop of 6.9 kN/m2 (1 psi). The water
tanks for vertebrates held 7 kg of water and occupied 8 dm? (8 liters). One of the
same tanks was used for the plant water needs, The water available for a 30-day mis-
sion would be 1.6 dm3 (1,6 liter) per week, I more water is required, extra tanks
could be added.

As mentioned previously, the LiOH and oxygen requirements are practically negligible,
The quantities shown in Table 3-6 should readily satisfy the maximum mission require-
ment of 30 days unless the metabolic values presented in Table 3-1 are much too low,

Table 3-7, Summary of Organism ECS 3.1,4 SUMMARY OF ORGANISM ECS
Weight, Volume and Power WEIGHT, VOLUME, AND POWER. A
for the Life Sciences summary of the ECS properties for the
Laboratories Life Sciences Laboratories is shown in

Table 3-7,
Laboratory i A N 3.2 DATA MANAGEMENT SUBSYSTEM

Shared Laboratory (7-Day)

B, 1, C/T a7 | % %0 Data management subsystem (DMS)

e &0 o T equipment was estimated for the Life
asilel o (sdinh Scilences Laboratories to determine

prdiented 1Dy Tabonatery | whether the sortie module complement

P, 1, C/T ey . 36 ’ 0 Y

Smal2 Ve rtobrates as 1 118 1 of equi pment would adequately support

IS rotal £ G ) 300 the laboratories. I was generally found
el e that the basic sortie module DMS will

Dedicated 30-Day Laboratary

. . J‘ . " support the laboratories with the addi-
orimten 152 | e tion of several tape recorders aund video
Total 280 I a0 transmission equipment. Further de-
Lot desED)

tails on the DMS are given below,

3,2.1 SORTIE MODULE DMS. The baseline sortie module contains a DMS to be used
by the various FPEs such as Life Sciences, References 4 and 5. A block diagram of
the subsystem is shown in Figure 3-4. A mini-computer is provided for experiment
control and data processing., The display and control console contains cathode ray
tubes, a multifunction display (displays video or symbols), and various control devices,
Up to 16 remote acquisition units (RAUs) are located around the laboratory and inter-
face with the subsystems and experiment sensors., Three standard types of tape re-
corders are available, These are a large volume recorder, a medium capacity re-
corder, and a special purpose video recorder, the properties of which are given in

~ more detail in Table 3-8, Data acquisition and control signals are transmitted serially
throughout the laboratory through a two-wire party-line system. The maximum party-
line-system bit rate is 100 kbps. The signals are under the control of the digital control
combiner unit (DCCU) according to a predetermined schedule and format, which can be

varied, however, by means of the Flexible Format Generator,
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16K 16 || DISPLAY & SHUTTLE
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UNIT pay | SUBSYSTEM
- SENSORS |
EXPERIMENT
RA
Y | sensor
- F X
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Figure 3-4. Sortie Module Data Management Subsystem Block Diagram

All communications are via the shuttle communications system, The digital data down-
link rate, which is provided by the shuttle, varies between 25 and 256 kbps, depending
upon whether shuttle orbiter data is being simultaneously down-linked, Wide-band data
can also be transmitted, No TV transmission capability is provided as part of the base-
line sortie module equipment, and is listed as add-on type equipment in Reference 4 if
needed by the FPE using the sortie module.

3.2.2 LIFE SCIENCES LABORATORY SAMPLED DATA MANAGEMENT. In estimat-
ing the sampled data requirements of the Life Sciences Laboratories, only research~
significant and important housekeeping parameters were included. The laboratory
equipment items are generally of a nature that do not affect crew safety unless these
items fail catastrophically, nor do they affect the successful return of the shuttle/sortie
to earth. Hence, the philosophy behind the requirements for automatic management of
data and control of this equipment did not include provisions for complex automatic check-
out, failsafe operational redundancy, etc. Instead, the general philosophy was to refrain
from unnecessary instrumentation, which will ultimately minimize overall system cost
and complexity.

The sampled data requirements for the major data generating equipment items aboard
the Dedicated 7-Day Laboratory were estimated and contained in Volume III, Appendix
I, of this report.
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Table 3-8, Baseline Sortie Module Tape Table 3-9 shows an example of these re-
Recorder Characteristics quirements and the format used in compil-

ing them. For each equipment item, the

signals that would be monitored by the DMS

L. Large Volume Commercial Ts Rec(;:i;r' AEWEE Bpaca [lse B . . . . .
e e * e to B are identified along with their pertinent
Tape Spred: &0 in, fsec
e e b characteristics such as range, resolution,
Packing Density: 20,000 bits/in. /track 3 3
St‘:)cln:: Bit ]E{;nt)x'.' at GO ips: 1.2 .\Ihps/stra:‘k e . Slgnal type » number Of Channels ? Sampllng
Reel Characteristies: 10-172 in. Diameter 14 in. DMameter duration, Sampling I‘ate, and bit rate in-
Length: 4600 It 000 f1 . . R
Tatal Data Storage: 31+ 109 hits 52+ 107 bits formation. Referrlng to the automatic
Weight {Comimercinl Reels!: 2.6 kg (5.4 I 4,7 kg (10.3 1) -
Eavelope Volume (Stornge): soce i) swoce pasey analyzer requirements, an on-off switch
Hecercler Welght: 50 kg (110 1k . . . . .
Hesorder Peals Pawor: 230 watts monitoring signal is needed to convey this
Recorder Yolume: 0,093 md 4,3 1t . . h M Th MS
1l Medium Capacity Tape Reeorder lnformatlon to t e D S' e D was
Tape Specd: Up Lo 60 in, feec assumed to incorporate time sharing of
Width: 1 in, . . el w
Nunher of Tracks: u slots in the overall data acquisition file.
DPacking Density; 10, 000 bits/in. Strack . .
Hosl Capacity w-1/2 . ata., 2000 1, 7.7 v 1% 0 Thus, when the automatic analyzer is
(Other recl characteristivs same as . R
above) switched on, the system will allocate a
Recorder Weight: 27 kg (60 Iy
Reesrder FPeak Power: TH watts blOCk Of data WOl"dS to be used and tagged
Recurder Volume: 3, 028 i i1 n‘ﬁ . .
AL Video Recorder for automatic analyzer data. For this
“Tape Spocd: 15 hn. ue reason, the on-off switch status is continu-
Viden Bandwidth: 4,25 MHz X .
Rewording Time- a6 min, (numinal 7200 1t} ously sampled at the rate of 1 discrete (1
Tape Wiclth: 2 in, (assumed rolary head, 2in, .
witth tape, 14 b, dia. reed bit) word per second, If two equipment
Rewl Wiright: N1 Kg (20 1 fﬂ_ﬁlinmtmn . . . N .
Rewl Envelupe: $200 ce (0,90 16 items sharing the same positions within
Recorder Welght: 17 kg (37 Iby . s
Revurder Penk Power: 100 watts the data acquisition file are turned on
Revorder Yolume: 3017 .md {0, 6 l'tap —

simultaneously, a warning will be activated

to alert the operator that the system is not
ready to accept data from the lower priority equipment. However, the data acquisition
file will be designed so that this will not normally happen. While the automatic analyzer
is on, the data acquisition system will sample instrumentation that contains information

" on the specimen identification, time the specimen was taken, the type of analysis being
performed, and the measured value {e.g., 8.05 total protein), This data need only be
sampled at the rate of once every 10 seconds, since this is much faster than the time
required for any single analysis by the automatic analyzer. On the other hand, this
sampling rate is very low with respect to the total capability of the sortie data manage-
ment subsystem. For example, the requirement for the automatic analyzer is 95 kbits
per day compared to a fotal daily capacity of 8,64 x 109 bits/day (at 100 kbps). This
represents 0. 001 percent of the total capacity, and is based on a 33 min/day interval
(sampling duration), during which the automatic analyzer is expected to be on.

A few wide bandwidth signals, such as the audiometer tone signal, are hardwired to
the analog handling equipment for direct storage on tape. These signals would result
in relatively high digital data rates, and it is not necessary to digitize these signals
for processing by the computer,
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Table 3-9,

Dedicated 7-Day Laboratory Sampled Data Requirements
EU5 — Biochemical and Biophysics Analysis Unit

SENSOR/SIGNAL CHARACTERISTICS PROCESSING o
Bits |Bampling |Sampling Total Tatal
EQUIPMENT ITEMS (E.U.#/E.1.#) Signal | No. of per Duration | Rate per |Bit Rate, | Bits com
AND SIGNAL IDENTITY Range Resgolution Type | Chan. Sample | min/day | Channel BPS per Day MENTS
Autoapalyzer  (5/7
On-Of Control 2 level 1 level Dis. 1 1 cont. 1/sce 1 86 K
Specimen/Organism 1., 1200 1 Dig. 1 8 33 0.1/sec 1 2K
Time of Spocimen 0-7 days 1 sec Dig, 1 20 33 0,1/sce 2 4 K
Type of Analysis 1-30 1 value Dig. 1 5 33 0, 1/sce 1 1K
Measured Value Variable 0.1% Dig, 1 10 a3 0.1/5ce 1 2K
General Spectrophotometer  {5/11
Wavelength Monitor 0-6V 5 mV Anal, 1 10 a 500/sec 5000 2.7TM } For maximum
Detector Signal 0.5V 15 mV Annl, 1 9 ] 5000/sce 45K 24,3 M acanning ratc
On/0ff Control 2 position 1 position Dis. 1 1 cont, 1/sec 1 86 K
QOutput Range Select 1-4 1 Dig. 1 2 k] 1/sec 2 1K
Secan Speed Select 1-6 1 Dig. 1 3 9 1/sec 3 2K
Specimen LD, 1-100 1 Dig. 1 7 9 0.1/sec 1 negl.
Auto, Urine Analyzer 15.{13] {use E.I. #7)
Power On/Off 2 positions 1 position Dis 1 1 cont, 1/sec 1 86 K
Specimen/Organism 1.D, 1-200 1 Dig 1 8 b33 0.1/sce 1 £ K
Time of Specimen 0~7 days 1 sec Dig. 1 20 75 0.1/sec 2 3K
Type of Analysia 1-21 1 Dig. 1 5 75 0.1/sec 1 2K
Measured Value Variable 0.1% Dig. 1 10 75 0.1/sec 1 5K
Auvdiometer _(5/16B)
Tone Signal Qutput 500-6 KHz 10 Hz Anal. 1 - 1 - - - ”“"]”“'”c to
Amplifier Gain 5 lavels 1 level Dig. 2 3 4 1/see 3 1K analog couipment
On-Off Control 2 positions 1 position Dig. 1 1 cont, 1/8ec 1 86 K
Reszponse Keys 1-12 1 Dig. 1 P! 4 1/sec 4 1K
Tone Control 0-5V 0.05V Anal. 1 7 4 #.1/sec 1 megl.
Gas Samy Commutator __ (5/60A ]
Gas Iine being sampled 0-12 1 Dig. 1 4 cont, 1/min negl. 5K
Blood Cell Counter  (5/52)
Power On/Off 2 positions 1 position Dis. 1 1 cont. 1/sec 1 86 K
Specimen/Crganism 1. D, 1-100 1 Dig. 1 7 6 0.1/sec 1 negl.
Time of Specimen 0-7 days 1 gec Dig. 1 20 G 0.1/sec 2 1K
Type of Analysis 1=7 1 Dig. 1 3 G 0.1/aec negl. negl.
Measured Analysis Variable 0.1% Dig. 1 10 6 0.1/see 1 negl,




The sampling duration was obtained from the equipment operations model described in
Section 6. The total bit rate is the sampling rate per channel multiplied by the product

of the number of channels and the number of bits per sample. The total bits per day

is the total bit rate multiplied by the sampling duration. The total bits per day, summed
for all equipment within the laboratory, were used to calculate an average sampled data
rate for the laboratory. Only the Dedicated 7-Day Laboratory sampled data requirements
were tabulated for the equipment unit groups. These were used to establish approximate
sampled data requirements for the Shared 7-Day Laboratory and the Dedicated 30-Day
Laboratory.

The summation of the sampled data requirements for the EU in the Dedicated 7-Day
Laboratory is given in Table 3-10, The equipment items generating high data rates
are also shown and are potential candidates
Table 3-10. Summary of Sampled Data Re- for special data handling to reduce the load
quirements for the Dedicated  in the DMS if this were later found to be de-
7-Day Laboratory sirable., The table includes (1) the con-
tinuous bit rates required for each equip-

EUsmpFates| W ¥ | ment unit, (2) the bit rates from the
Contln, Total |Sampling|Sampling . . . . R
EU Equipment Unlt (EU) # Data mailyDatq  Rate | narstion| high-rate items and the time during which
Na. (E] No. and Name)* {hps) (Mbits) | (kbps) |{min/doy
1 Visual Records & Microscopy 5 43 the high rates must be acceptEd! and (3)
(150, Bl dical R Tder) 42 17 x
2 Dot Managomene 1,00 1,33 the total bits generated per day. The total
o P06 oo o o | rate for the Dedicated 7-Day Laboratory is
{65, EEG Couplers) 14 & : s
5, EMG Couplors) o : 2580 megabits per day, most of which result
e anessure Tranudocer 28 .+ | from several high-rate equipment items
1568, Miscellaneous Couplers) 24.5 21 + 2
) Life Sotonces Evperimont Support | 10,502 o8 operating continuously. Thus, this total
(14, Accel tera) 10.5 t. = -
(L, Accelorometers) 1 e | rate could be averaged to yield a meaningful
4 Pri tion & P wvatd 7 T - . .
5 biochemical/iophyeteal Analvate | 12 | 67 value, which is approximately 30 kbps.
/| ok e . ] * | * | This was used as a basis for comparison
11 Alrlock/EVA Capablidt, 3 gl s s
12751 | Bomediend & M8t Support 2 o between the rate required by the Life Sciences
f65€, Electrophysiology Recetver) 1 " | Laboratory and that provided by the sortie
28 Radiohiology Suppart 1 negl.
40/41/42 | Vertebrate Holding & Bupport 16 1 .
20/51770 | Prant Holding & Buaport module, Adding a 50 percent overhead factor
Invartebrates 18 1 . o
o0/61 | Celle/Tiasues : b to account for scheduling loss and transmis
20 185 Test Unit 23 2 - 2 a .
|orses | st Measurements & Mobitiey ; . sion of parity, synchronization, and I, D.
vntoals P—— information results in a background sampled
Approximate Average BEit Rate = 30 kbpsa data rate Of 45 kbps'
30% Overhead Factor 15 khpse
Average Background Data Rate 45 kbpa ' Superimposed upon this background rate
E111, Spectrophatometer Rate 45 kbps : . .
Mol Sumpled Data fists 50 s will be short periods of high-rate data

transinission when the high-rate devices
shown in Table 3-10 are being used. This
data is all of relatively short duration and
can be scheduled not to occur simultaneously. The highest rate identified is 45 kbps
from the spectrophotometer, which is on an average of 9 minutes per day. Adding this
value to the background rate yields a maximum instantaneous laboratory rate of 90 kbps.

=0f equipment items (Els) requiring a high sampling rate,
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This rate is below the 100 kbps sortie capability and could be further reduced, if re-
quired, by hardwire connections of several equipment items to the recorders.

It may be noted that a large contribution to the total data rate results from the accelero-
meters in EU3 and the ECG couplers in EU2, Table 3-10. If later analysis indicates
the desirability of reducing the Dedicated 7-Day Laboratory requirements, this data
could be processed independently, This would drastically reduce the average data rate
requirements of the laboratory., However, since the inclusion of the accelerometers
and ECG data does not impose an overload on the sortie DMS at this time, it was con-
servatively left in the total tabulation.

The recording of all laboratory sampled data in pulse code modulated (PCM) form was
assumed to be required to permit subsequent ground analyses. A study of the data
rates, recording durations, and recorders available aboard the sortie module was per-
formed to determine the recorder and magnetic recording tape requirements, I was
found that the Shared 7-Day Laboratory requirement for PCM as well as analog data
recording could he satisfied by a single medium-~-capacity recorder (see Table 3-8) and
eleven 10-1/2-inch-diameter reels of tape. This was based on continuous recorder
operation at 7-1/2 ips, aud the use of one track at a time for the serial recording of
PCM data. A second track was allocated to the continuous recording at various inter-
mittent analeg signals.

For the Dedicated 7-Day Laboratory, the data rates are slightly higher and require
two medium-capacity recorders for PCM and analog data. The second recorder is
needed to provide continuous recording during the 12-hour period during which no pay-
load specialists are in the laboratory. The number of reels of tape necessary for this
case is 26.

For the Dedicated 30-Day Laboratory, PCM and analog data can be recorded using the
two medium-capacity recorders, as in the Dedicated 7-Day Laboratory, but 120 reels
of 10-1/2-inch-diameter tape would be required. This would weigh 316 kg and occupy
0.37 m3. Therefore, an alternate approach was used, adding a large-volume recorder
with four times more data storage density capacity than the medium-capacity recorder;
see Table 3-10. A full tradeoff and gain was not conducted due to a lack of data on cost

penalties and other factors; however, a preliminary weight tradeoff is shown below to
favor the use of the larger recorder. This

. e e r(:ffm‘;m large volume recorder requires only 13
Eems Required for 30-Day Mission Recorder (2 Raqd) Recorder reels of 14~-inch-diameter tape weighing

Recorder 54 50 61 kg and occupying 0.07 m", The medium-
Tape 318 61 capacity recorder was also left on the Dedi-
Fuel (H;0,) for Eloctric Power* por 2 - cated 30-Day Laboratory for miscellaneous
Prorated Tauksge for Fuet* 12 3 use on an as-needed basis.
Total Welght for Comparison 40R 220

_:;T;:riﬁ tockage penalties were based on uideltng values given tn NASA Transmission of all data from the sortie

. module is provided by the shuttie orbiter
3-14



communications subsystem. In comparing the Life Sciences requirements to the shuttle
capability, it was assumed that 10 percent of the sampled data acquired and processed
would require transmission to ground for analysis by the principle investigators. Ten
percent of the average bit rate is 4.5 kbps. Assuming a worst-case orbit altitude of
100 n, mi., the percent of contact time with 7 manned space flight network (MSFN) sta-
tions is 8.9 percent, Reference 5. Using this percentage and 4.5 kbps coutinuous data
rate results in a down link data rate of 50 kbps compared to 25-256 kbps available from
the shuttle communications system. At an altitude of 270 n. mi., the perceunt of contact
time is 29 percent, and the resulting data rate required is 16 kbps, which is within the
shuttle minimum capability of 25 kbps. The altitude of the Life Sciences Laboratory
has not been determined and probably will be predicated upon mauny factors in addition
to communications requirements, However, the communications requirements would
favor the higher altitudes if the minimum down-link capability of 25 kbps were imposed
upon the Life Sciences Laboratories. This would appear unlikely in view of the range
capability of up to 256 kbps. It was assumed that suitable recorder and playback equip-
ment would be available aboard the shuttle orbiter for recording a continuous data stream

and then playing this back during the MSFN contact and transmission to ground. Hence,
no added equipment was placed aboard the sortie module for this purpose.

3.2.3 LIFE SCIENCES LABORATORY VIDEOQ DATA MANAGEMENT. The Life Sciences
Laboratories will generate a large amount of video data, which will require a large DMS
recording capability, In order to estimate this capability, while maintaining a facility
approach to the laboratory definitions, an analytical model representing the video data
acquisition was formulated, It was based upon the stated desires of the scientific in-
vestigators involved in the Task A and B effort of the preceding contract and is dis-

cussed below.

Three general types of scheduling for video data acquisition were identified and used

as the basis of the requirements, These include (1) single picture frames taken at
several second intervals on a continuous basis, (2) short duration vidicon operation

at scheduled intervals of several minutes, and (3) longer duration camera operation

to record specific experiment events at random times. The analytical model of overall
video data acquisition scheduling was determined using the above three types of schedul-
ing and the characteristics of the laboratory equipment and functional requirements.

The first type of scheduling given above is used to obtain time-lapse pictures of plant
and animal movement. The plant pictures can later be viewed at a higher rate to speed
up plant movement for study, and the animal pictures may be used to determine patterns
of animal activity,

Tn both dedicated laboratories; eight cameras are devoted mainly to such time-~lapse
picture taking. Two of these cameras were assumed to be high resolution cameras
with 0.64 x 108 picture elements (pixels) per frame (800 lines) and 7 bits per pixel.
These were for plant and invertebrate pictures. For vertebrate time-lapse pictures,
standard video cameras were assumed with 0,276 x 108 pixels/frame (525 lines) and
4 bits per pixel. One of these cameras is required in each of the two vertebrate cage
modules, and two were assumed to be required for complete visual coverage of each
of the two primate cylinders, This results in 6 standard cameras for the vertebrates.
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The cameras in the cage modules are moved from one rat cage to the next by a trans-
lating servomechanism device similar to that used on an x-y plotter. Each of the eight
cameras for time-lapse pictures was assumed to take one frame every ten seconds con-
tinuously for 24 hours per day. This is conservative, since there will be periods when
no time-lapse pictures will be taken, such as when the vertebrate cages are in darkness,
However, the various cameras will be nonoperative at different times, making it diffi-
cult to take advantage of these periods to save on data recording equipment and tape.
Therefore, full 24 hour data acquisiton was assumed.

For the shared laboratory without the primates, only the small vertebrate, plant, and
invertebrate cameras are required. This reduces the number of cameras for time-
lapse use from 8 to 4. Two of the four were assumed to be high resolution cameras
and two were assumed to be standard resolution. As in the dedicated laboratories,
one picture per camera every 10 seconds on a 24~hour continuous basis was used.

The second type of scheduling can be characterized by congidering MSI habitability
studies. These studies are intended to determine patterns and trends in crew behavior

in both the shuttle and the sortie module, and are required only for the 30-day dedicated
laboratory, For this type of data, 4 cameras were used and each camera was operated
for 10 seconds every 15 minutes, Hence, every 15 minutes the location and activity of
each crewman could be assessed. Standard resolution cameras are used for this purpose.

The third class of video data is for recording visual aspects of specific experiment
phenomena or procedures. Examples would include pictures of a crewman acting as a
subject during rotating litter chair experiments, and specific biological procedures
such as dissection of an organism. I was assumed that a total of 120 minutes per day
of video coverage would satisfy this requirement for the dedicated laboratories. This
was estimated from the following breakdown:

Biomedical /MSI/LSS Experiments (2 Cameras) 30 min/day

Small Vertebrate Experiment Events and Procedures
(2 Cameras) 30 min/day

Primate Response to Stimuli and Monitoring
(4 Cameras) 60 min/day

A total of 60 minutes/day was used for the shared laboratory, since no primates are
included in this payload. Two standard resolution cameras were assumed for the
biomedical /MSI/LSPS video, The other event monitoring was assumed to use the same
cameras that are used for the time-lapse data described above, The total number of
video cameras for the Life Sciences Laboratories is summarized on the following page.

The time lapse video data will be digitized and recorded on tape at a much lower rate
than that normally required for live video. Standard video operates at 30 frames/sec,
whereas each time-lapse camera takes one frame every 10 secounds, a factor of 300 times
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slower. Through an analysis of the bit

Major Made Wumer of Canerns rates from the two high-resolution and 6

of Shared Dedicated Pedicatusd
S ' Lamern They |7 bay 0-Day standard-resolution time-lapse cameras

aboard the dedicated laboratories, it was

determined that their data could be stored
using two tracks at a time of the large
volume tape recorder included in Table
3-8, This recorder, running at 60 ips,
will take 7.2 hours to fill a 14-inch-
diameter reel of tape (28 tracks total). However, since the crew will be out of the
laboratory for up to 12 hours, and time-lapse data recording may have to continue dur-
ing this 12-hour period, two recorders were included. The number of 14-inch reels
required for continuous coverage of the time-lapse video data aboard the dedicated
laboratories is 22 for 6.5 days, and 101 for 30 days. This is somewhat conservative,
since data will not be generated continuously. Future studies where more specific
requirements are known may be able to reduce the number of reels required and possibly
the number of recorders. The number of reels could also be reduced through more
sophisticated processing and compression of the data, However, this would be more
costly and might not be warranted in cases where the shuttle payload weight capacity is
higher than that required for the Life Sciences Laboratory being launched.

Dlomed /MS1/ LSS Events Event Monltoring 2 2
Habilability Studies .S|lﬂl;t Duratjon
Small Vertebrates Timne Lapse
Plants & Invertebrates Time Lapsy

Primate Caverage Time Lapse

3
2
.2
A
11

':‘cmmun

-
S s W

Total

For the shared laboratory only 4 time-lapse cameras are being used, and their output,
recorded serially, will fit onto a single track of the large-volume recorder. Thus,
only one recorder is required. Each reel will last about 14,4 hours, which results in
11 reels required for 6.5 days.

Both the short duration and event monitoring video data will be recorded on video re-
corders; see Table 3-8, Although no two events were assumed to occur simultaneously,
two cameras may sometimes be necessary to cover the field of view in which a single
event is occurring, An example would be the two cameras required to cover the com-
plete internal volume at the primate cylinders. For this reason, two recorders were
included in the dedicated laboratories to record simultaneously the output of two video
cameras, whereas only one recorder was used in the shared laboratory, which does

not contain primates., These recorders will be turned on only when video data is to

be recorded.

Reference 4 stated that payload video
tranamission to ground could not be pro-
Watght Power Valume vided by the shuttle communications sys-

Rem kg {1b} (Watta) m3 (i3 .
tems and if necessary would have to be
TV Recelver 4,% (10) 15 0,008 (0,2} . .
TV Tranamitter 13.6 {30) 100 0,014 (0,5} prowded as Pal't of the laboratory equip-
Antennas 114 (25) o v ment, The reference also gave the

weight, power, and volume of the TV
communications equipment shown at left.
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This equipment was added to the data management equipment aboard all laboratories

for the purpose of downlinking the event-monitoring TV, It was assumed that the time-
lapse TV as well as the habitability data would not require ground observation until after
return to earth. At 100 n, mi., the single transmifter can downlink TV data for about

2 hours, which should be sufficient to transmit the required video data.

3.2,4 SUMMARY OTF DATA MANAGEMENT SUBSYSTEM. In summary, the sortie
module DMS will satisfy the requirements of the Life Sciences payloads with the addi-
tion of several recorders and some TV communications equipment,

A summary of the recorders required aboard all the laboratories is shown in Table 3-11
and compared to the number of recorders aboard the baseline sortie module. The
reasons for the extra recorders have been discussed previously.

Table 3-11, Tape Recorders Required for  The DMS fixed equipment is summarized
the Life Sciences Laboratories in Table 3-12, which indicates both the
existing sortie module eguipment and that
—1 el Ty | Dedieaied 7-Day [Dedicated 30-0uF additionally required for Life Sciences.
TR FTPE S g V) B DY srov i Referring to the table, the sortie module
MI“_;":I:_W_I- ] S "““:f T ‘”‘:“" baseline data management equipment in-
phes cludes a small computer, input/output
device, digital control combiner unit,

|
|
MO & Anndog Dala ! H & 2 1 >
eyt bt ' | .1 717 | .1 flexible format generator, 10 remote

H
Tatnl Number Bequired | ] ‘
Time-Tapze Vilco 1

2

Henl-Time Video \ 1 1
Subtatal A A N acquisition units, 3 interface units, and
Extra Required for Lile .
S(‘lencesql.nbu;':ltl:;‘\'“ 3 53 1] J [l i 1 1 1 H 0 1 the three tape I'ECOI'deI'S; See Flgure

3-4. This equipment, in addition to the
control and display equi pment, is the
same for all three laboratories. As may be noted, however, the power consumed is

slightly different for each laboratory. The main reason for this is the different modes
of operation reauired for the tape recorders, as discussed previously. For example,

the large~volume recorder aboard the shared laboratory is run continuously to record
time-lapse video data. However, aboard the dedicated laboratories, two such recorders
are used for the time-lapse coverage, each running only one-half the time. Thus, the
average power required for the single large-volume recorder aboard these laboratories
is less than for the shared laboratory. '

The additional equipment includes identical TV communications hardware for each
laboratory, and tape recorders for the dedicated laboratories. The total weight, power,
and volume for thig additional equipment is that which was considered chargeable to the
Life Sciences Laboratories specifically. Thus, these values are carried into the total
tabl.lllations in subsequent sections of this report that characterize the Life Sciences
payload.

The weight and volume of magnetic tape required for the Life Sciences Laboratories is
given in Table 3-13 and is quite large, especially for the Dedicated 30-Day Laboratory.
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Table 3-12. Data Management Subsystem Weight, Power, and Volume Summary

power is the lower value in parentheses.

Shared 7-Day Lab | Dedicated 7-Day Lab | Dedicated 3¢-Day Lab
Ttets kg dn® | watts* | kg dnf | watts¥ kg dnt |watts*
ths) | ¢y i {bsy | ) (ibs) | (Ff)
Sortie Module Baseling Data Management Equipment 148 187 418 148 187 274 148 187 392
(a28) | (6.6)] (410) | {326) | (6.G) | {25T) | (326) | (6.6) | {338)
j
Sortie Module Control & Display Equipment 139 340 540 139 340 540 139 340 540
@o8) 1 (12 | @ @aos) | az {0 o) | a2 | @
Existing Sortie Module Equipment Subtotals 287 ‘527 958 . 287 527 814 ' 287 . 527 832
(631) | (18.8)1 ¢dloy (631). [(18.6) [(@57) (631} |(18.8) ! (338)
‘ .
Sortie Module Add-On TV Comimunications Equip. 30 . 20 29 30 20 29 30 20 20
66y | (0.7 | (20 [{GE) (0.7) | (28) (60) 0.7 | 29
Additional Tape Recorders (] l 0 g 94 139 170 : 117 204 250
@en) | @9 lassy @57 | (7.2) | (234)
Additional Equipment Subtotals 30 20 29 124 159 E 199 {147 224 279
(Chargeable to the Life Seiences Laboratories) {66} 0.7 F (29) (273 (5.8} ; (1823 |8823) | (7.9} ) (263)
1 '
Total IMS Fixed Equipment 317 547 | 987 (411 686 1013 !434 751 |1211
G697y | (19.3) (439 [(004) [(24.2) (439) V955) (26.5) | (601}
. i L
*Average power values are given. In this column, the 12-hour on-duty average is the upper number, and the 12=hour off—duty

Table 3-13.

Estimated Magnetic Record-
ing Tape Requirements for

the Life Sciences Laboratories
(Based on Data in Table 3-8)

The large quantities are due to the video
recording requirements and may be con-

-servative, depending upon the validity of

Shared Dedleeted Dedlcated
Laboratory 7-Day Laboratory| 30-Day Laborztory
No. of! No, of| No. of|
Reels; Wi, | Vol, |Reels | Wi, | Vol, |Reels| wt, | Vol
and kg | dm® j[and kg | dmd  |end kg dmé
Dato Recorded Dia. | @ [ @ (o, {uby | oty [pta. | oy | %)
Sempled & Analog (Not 13] 35 141 26 59 81 13 61 | 68
TV) Data (1 inch widthy | (105"} [ (77 |(1.45) (;0%"){152) (2.86) (14" [¢134) (2,93
Video Time Lapse Data | 12 Gl [:13] 26 122 | 133 120 362 | 612
(1 inch widthy (14" [¢184) |(2.38)|(14™) [i268)|¢4. 70y |(14™) [(1238)(21.6)
Video Renl Time Data ] 45 |42 |9 82 |76 53 482 | 450
{2 inch width) (147 }199) [(2.4%)(14") |(180) |(2.68) |(14") (10600415, 9)
Tatal 141 | 149 273 § 290 1150 p128
319) {(5.27) (600} I{ 10. 2] 2431)[ (39, 9)

the video data acquisition model described
earlier in this section. The large quantity
of tape required for time-lapse data could
be reduced by increasing the time between
frames to more than 10 seconds, or by
taking video pictures on a scheduled but
discontinuous basis rather than 24 hours
per day. For example, a duty cycle of

12 hours per day and one picture every

20 seconds would reduce the tape require-

“ments to about one-quarter of the quantity

shown in Table 3-13 (actually less than

one-quarter, since a step reduction in recorder speed could be realized, which affects
tape requirements in a nonlinear way).

The real time video also requires a large quantity of tape, based on the assumption of
2 hours of video data per day. Possible ways to reduce this quantity include (1) down-

linking of data in such a way that tape could be re-used,

(2) use of advanced recording

hardware, which may permit greater data packing densities, {3) reduction in video data
recording requirements.
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As implied in the preceding paragraphs, the tape requirements can be reduced through
review and reduction of requirements. However, the requirements used here were
congistent with the "first-cut" desires of the scientists consulted throughout the Life
Sciences payload definition program. At the time that the tape requirements were evalu-
ated, the 30-day laboratory weight was well under the available guideline shuttle launch
weight capability, and a philosophy of least expense led to the acceptance of the large
quantity of tape. Currently, a lower shuttle weight capability guideline has resulted in
a total laboratory overweight condition for the Dedicated 30-Day Laboratory. Thus,
the reduction of recording tape is one area in which the overweight condition could be
partially alleviated, through alternative data processing techniques or reduction of the
video requirements.

3.3 ELECTRICAL POWER SUBSYSTEM

The sortie module carries two, 5 kW, H2-02 fuel cells for a total power capability of
10 kW. Of this, 4-5 kW average power is allocated for FPE experiments with 7 kW
available for peak loading periods, Reference 6. The sortie module, however, carries
only enough fuel to provide experiments with 150 kW~hr of total energy. This amounts
to 0.96 kW average power consumption over 6-1/2 days of on-orbit experiment time,
corresponding to a nominal 7-day shuttle flight. The Life Sciences Laboratories exceed
this value and therefore require additional fuel, which is chargeable to the laboratories.

Table 3-14 summarizes the electrical power requirements imposed upon the sortie’
module for each of the three Life Sciences Laboratories. The upper part shows the
power and energy usage of the laboratories, and the lower part indicates the additional
fuel and tankage required to meet these usage requirements,

Table 3-14. Electrical Power System Re-  Average power usage is broken down into
quirements for the Life that required for the research equipment
Sciences Laboratories and that required for the organism ECS and

DMS subsystems. The values for the re-
search equipment were obtained from the

Dy e [yt terortes | o uipment unit data packages in Volume
e Ee o k0 v | L i III, Appendix I, and averages between
Ongantam 5C/LSS & DS fkw nn | b Let total on-duty and off-duty power require-
Tatal Energy Consemgton (kw-hr) 208 240 15D ments. The subsystem power values have
%25 %“E}%}Egg;ijfﬁffi:”"“ ewoney zga 55: gzgo b_een presented in the two preceding sec-
Extra Tanka Required (Apollo Tanks): tions, and are also averages of on-duty
o e ) . ; and off-duty power., The total average
o %Eﬁ Entepe vetan s va | &, o power requirements range from 1,33 to
Nitmber . L . 2,57 kW and are well under the average
Tank Erebtope Vetace R e sortie module fuel cell capability of 4-5
o tueiame Tl Velght kg ) P LRen N | ks however, the requirements exceed

the average power capability corresponding
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to the standard quantity of fuel carried. Converting the laboratory average power re-
quirements to energy, and using 6-1/2 days on-orbit time for the 7-day missions,
results in a range of 208 to 1850 kW-hr for comparison to the 150 kW-hr energy avail-
able, The difference hetween these requirements and the sortie module energy provided
is indicated in the table, For the Shared 7-Day Laboratory, only one-half of the 150
kW-hr has been assumed to be available for Life Sciences research. the remaining be-
ing used by the sharing FPE,

The properties of the Apollo supercritical storage tanks are shown in the accompany-
ing table. The weight of fuel required was calculated based on 0.045 kg/kW-hr (0,1
lb/kW-hr) of H,, and 0. 364 kg/kW-hr (0.8 1b/kW-hr) of O, plus 5% allowance for resi-
duals. One extra O, and one extra H, tank are required for the 7-day missions.,
Seven H, tanks and five O, tanks are required for the 30-day mission. The tankage
envelope volumes are also shown in the table, and were assumed to be placed outside
the sortie module.

3.4 THERMAL CONTROL SUBSYSTEM

H2 T;nk O? Tank
Tank Dry Welght, kg RRJ 39 ) 2 - : 3
Usabin Plusd welght kg | w 16 During the course of this Life Sciences
Cperating Pres , kN/m ia} 1720 (250) G3B0 (9LE) A
mz: ;igamcf::,m:m ) e 71,7 (28.2) | ©63.7 (26, 1) Payload Derlnltlon StUdY: there was an
Girth Support Ring Diameter, cm {in.} 2.3 {32, & 71,7 (28.3) x 2 2 2
Tank Tiosett, em ) o o ore | s e alteration in the NASA guidelines on the
Cylindrical Envelope Volume, dm™ ft') 2 (15._5) 340 (12,0 Sortie module Characteristics. AS parl:

of the initial guidelines, a detailed flow
schematic of the thermal control subsystem (TCS) was included and had the capacity
to reject approximately 1. 5kWt of experiment heat load, Since the Life Sciences
Laboratories generated more heat than this amount, the extra heat rejection equipment
was determined and planmed to be charged to the laboratories. Later in the study, how-
ever, Reference 6 specified that the sortie module should be capable of rejecting 4-5
kWt corresponding to the average elecirical power capability. This reference was a
requirements document, and no details of the TCS were given. The 4-5 kWt specifi-
cation was stated as a sortie module design goal,

Based upon these final heat rejection values of 4-5 kW, extra heat rejection equipment
does not need to be added to the sortie module, since the Life Sciences heat loads do

not exceed this range. However, since no details of this larger capacity TCS are avail-
able, the integration of the Life Sciences load and the sortie module TCS could not be
evaluated, For this reason, several pertinent integration aspects of the earlier system,
where the extra equipment was needed, are presented below, I should be remembered,
however, that the final Life Sciences Laboratories do not include any add-on equipment
or consumables for heat rejection equipment.

As presented in Reference 4, the thermal control subsystem (TCS) was part of the

gortie module environmental control subsystem, and is shown schematically in Figure
3-5. The TCS heat rejection space radiators rejected a total of 8 kWt {27,300 Btu/hr)
to space. Of this Joad, 2.38 kW; (8130 Btu/hr) was picked up by the freon-21 from the
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Figure 3-5. Sortie Module TCS Flow Schematic (English Units)

fuel cell and 5.44 kW; (18,560 Btu/hr) was picked up from the interface heat exchanger,
as shown in Figure 3-5. The interface heat exchanger transferred heat from the water
coolant within the module to the freon-21 coolant used in the external radiator loop,

The internal heat loads included 2. 24 kW (7640 Btu/hr) sensible load to the cabin air,
0,14 kWt (490 Btu/hr) latent load to the cabm air, and 3. 02 kW, (10,300 Btu/hr) to the
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water from cold plated equipment, Of these loads, 1.50 kWt (5120 Btu/hr) cooling
These loads could be cooled by

was to be available for cooling experiment loads.

water at from 296-310°K (73-92°F) or by cabin air.

The heat rejection requirements of the Life Sciences payload are summarized in

Table 3-15. The electrical load was derived by assuming that all the electrical power
required by the payload will appear as heat internal to the sortie module. The metabolic
load results from the vertebrates in each payload. The shared laboratory metabolic
load ig smaller than the dedicated laboratory load because of the absence of the two

monkeys.

Table 3-15. Summary of Life Sciences Heat Loads

>Sha1'ed : ' Dedicated—“ "Dedicated
item 7-Day Lab 7-Day Lab 30-Day Lab
Life Sciences Laboratory Heat Loads
Electrical Equipment, kW 1.33 2.18 2,57
Organism Metalbolic Loads, kw, 0.04 0.10 0,10
TOTALS 1.37 2,28 2,67
i
Sortie Module Heat Rejection Capability (Final Guideline), kwt ! 2-2.5 4-5 4-5
(1/2 assumecd)
Extra Heat Rejection Equipment Redquired Nong None None
Example of Extra Heat Rejection Equipment in the Case of a
Sortie Medule Heat Rejection Capability Deficiency
Sortie Module Heal Rejection Capability, kwt 0.75 1.5 1.5
Deficiency, kWt 0.62 0.78 1.16 i
Water Required to Reject Extra Heat, kg 185 208 1425 '
Tankage: Weight, kg 17 21 : 143
) Volume, dm 195 250 X 1710
Omne kw Capacity Water Boiler: Weight, kg 13 13 , 13 i
Volume, dm3 28 28 : 28
Total Water & Hardware for Extra Heat Rejection
Weight, kg 195 242 1581
Volume, dm? ; 226 278 | 1738
(#) | {8.0) ©.8 {61.4)

As shown in the table, the laboratory réquirements exceeded the sortie module capa-
bility by up to approximately 1 kWt. In the case of the shared laboratory, the sharing
payload was assumed to require one-half of the available heat rejection capability with
the remaining 0,75 kWt available for the Life Sciences Laboratories. To provide for
the extra heat rejection, a water boiler (or sublimator) was assumed. It is stated in
Reference 4 that, "A water boiler may also be required [in addition to the radiator]
on certain missions, " indicating that this solution to extra heat load problems was be-

ing contemplated for the sortie module.
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Table 3-15 shows the weight of the water required for the bhoiler, including a 10 percent
contingency for water carry-over losses., Allowances of 10 percent and 20 percent are
also included for tankage weight and envelope volume respectively, A l—kWt water
boiler and associated hardware was estimated to weigh 13 kg and occupy 28 dm3. This
boiler was used for all three laboratories, The resulting total weight and volumes are
shown in the table. It was expected that all the water and tankage would be located out-
side the sortie module. The water boiler would probably be located inside, since it was
assumed to directly interface with the internal water loop of the environmental control
subsystem (rather than with the freon-21 external loop). & would be connected to a

line to space vacuum for water vapor venting. The recommended placement of such a
water boiler in the environmental control loop is shown in Figure 3-6, This possible
configuration shows the location of the extra cooling load to provide the low temperature
coolant in the organism ECS for dehumidification. This dehumidification load is approxi-
mately equal to the extra heat load required for the Life Sciences payload. If located

as shown, it will provide the low temperature cooling without raising the temperature

to the cabin condenser. During certain operating conditions, this temperature will drop
below 284°K (52°T), which will not be detrimental to the function of the cabin condenser,
assuming that an adequate humidity controller is provided.

To/From Sensible Hx

Trom H20 F-21 To
4 [ 1120 ] ‘__’“"-"" Fuel Cell
ﬁ \ Pump T~99.0 T =97.0
Al H,O0 lA' W
1
2¥ T =57.4 I Q =18, 561
=—— From Cabin '
Condenser Interface
T = 54 Q=211 |cfm= 78 Hx
} L
| T=52.0 T =500
f From
‘To Cabin Radiator
T =52
Life Sciences Water
Q=1 kwt — Low T Boiler wQ = 1kw (3,410 Biu/hr)
Loads {or Sublimator)
I S

Legend
Q@ = Heat Load (Btu/hr) T = 43,3
T = Temp. {°F)
W = TFlow Rate (th/hr)

F-21 = Fregn 21

Figure 3-6. Potential Location of Water Boiler in Sortie Module TCS (Engish Units)
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The lower temperature coolant resulting from the use of the water boiler could actually
be of assistance in providing lower temperature cooling to loads other than the organism
ECS if required. These other research equipment loads have not been analyzed in detail,
but may require a lower temperature coolant than the 296-310°K (73-99°F) provided by
the sortie thermal control equipment.

3.5 CREW EC/LSS SUBSYSTEM

The baseline shuitle orbiter/sortie module provides crew EC/LSS equipment and coun-
sumables for the two shuttle crewmen plus two payload specialist for seven days. Any
additional payload specialists or any extension in mission duration beyond seven days
is chargeable to the payload.

Table 3-16, Crew EC/LSS Equipment In the case of the Life Sciences Labora-
Required to Support the tories, the Shared 7-Day Laboratory
Life Sciences Lahoratories requires only one payload specialist
T Weight, kg (1) and therefore no extra equipment, How-
Dediceted Derticated .
7Dy 30-Day ever, the Dedicated 7-Day and 30-Day
Equipment Lahoratory Laboratary . . .
Laboratories do require extra equip~
[Fixed Equipment for One Extra Man )
Seats and Restraints 54 ment, For these laboratories, three
| Equipment 14 s 12 .
Eovmnancs Foutpment 2 payload specialists are required, and
of © 182 . .
Miscetiancomn 2 additional fixed equipment for the extra
Flved Equipment fbiotal | e man is chargeable to the Life Sciences
Hnsi - - 3
ponamatler LT Laboratories. Also, sincé the shuttle pro-
2 Men, 7 Days | 4 Men, 25 Daye vides consumables only for two payload
(et med) 252 med) specialists for seven days, additional con-
+ LiOH Canist a8 405 . .
Ty amter i 1w sumables are chargeable to the Life Sciences
ut il ) 58 A
Clothing : 75 Laboratories. For the Dedicated 7-Day
Consumable Subtotal Joden T8 aesa Laboratory, the quantity corresponds to
Total Fixed Equipment + Congumnbles 452 {771 1047 {2300}

seven man-days of occupancy, and for the
Dedicated 30~Day Laboratery, the quauntity
corresponds to an additional five men for
23 days. The weight of the fixed equipment
and consumables is given in Table 3-16.

3.6 SUMMARY OF SUPPORTING SUBSYSTEM WEIGHT, POWER, AND VOLUME

Table 3-17 is a summary of the weight, power, and volume of the extra subsystem re-
quirements necessary to support the Life Sciences Laboratories (in addition to the sortie
module and shuttle baseline subsystems). The subsystems listed in the table have been
discussed in the preceding sections. All subsystems will require extra equipment except

. the TCS. The largest weight requirements are for the 30~-day mission for the DMS record-
ing tape, fuel for the EPS, and consumables for the crew EC/LSS. The average power
requirements of the extra subsystem equipment are quite low, An allowance of 10 percent
was added to all subsystem weights and volumes to account for supporting structure.
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Table 3-17. Summary of Supporting Subsystem Weight, Power, and Volume

Shared 7-Day Dedicated 7-Day | Dedicated 30-Day
Laboratory Laboratory Laboratory
Avg Avg Avg
Subsystems and wt | Power Vol3 Wt Power Vol3 Wt | Power| Vol
Supporting Equipment | (kg} | (W) [(dm™)(kg) | (W) |[@dm") (kgl (W) | (kg)
Organism ECS 70 170 154 |142 390 381 2806|390 553
DMS Hardware & Tape | 171 | 29 169 |397 199 449 11252|279 1352
EPS Fuel & Tankage 130 | O 0* 155 0 0* 1155|0 0*
Thermal Control 0 0 0 0 0 0 0 |0 0
Crew EC/LSS
Equipment 0 0 0 352 TBD |0* 1047|TBD 0*
Supporting Structure
(10%) of Subsystem
Equipment 37 0 32 105 0 83 373 |0 191
Total 408 | 199 355 1151 | 589 913 |4107|669 2096
(12.5 (3%. 3 (74.1
£t3) t") it%)

*Assumed to be outside the sortie module.
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SECTION 4
SORTIE MODULE/LIFE SCIENCES LABORATORY LAYOUTS AND SUMMARY

4.1 LIFE SCIENCES LABORATORY LAYOUTS

Having established the properties of both the research and supporting subsystem equip-
ment for the Life Sciences Laboratories, preliminary layouts were developed for each
laboratory. These layouts were based on the sortie module configuration and the de-
scription contained in References 4 and 5. This configuration contains a single floor
running longitudinally in a 4.76m (14 ft) diameter by 7.32m (24 ft} long sortie module,

The Shared 7-Day Laboratory layout is shown in Figure 4-1., The Life Sciences equip-
ment is generally located in the right end of the sortie module above the single floor (as
drawn in Figure 4-1). The Life Sciences equipment occupies approximately one-half

the length of the sortie module above the floor. The resulting envelope volume is approxi-
mately 31,8 m3 (1300 £t), In the left end of the module and also below the floor, is sub-
system equipment standard to all sortie modules. This equipment includes the DMS crew
station console and electronics, crew systems equipment, crew EC/CSS equipment, and
EPS equipment. The total internal volume .of the sortie module is approximately 87. 8

m3 (3100 ft3). Subtracting the 31,8 m3 envelope volume of the Shared 7-Day Laboratory
leaves 51 m® (1800 ft3) for the standard sortie module subsystems and the sharing FPE
equipment.

A summary of these envelope'volumes for all the Life Sciecnes Laboratories is given in
Tahle 4-1, In this table, the laboratory envelope volume is the total envelope around the
Life Sciences equipment, excluding the baseline sortie module equipment. This envelope
includes aisle-ways, access space, crew operation space, ete, Thus, it is much more
than the actual research equipment volume contained within it, This equipment volume
ig listed in brackets in the table, The difference between the total sortie module in-
ternal volume and the laboratory envelope volume ig that available for the baseline
(standard) sortie module subsystems, and, in the case of the Shared 7-Day Laboratory,
for the FPE sharing the sortie module with Life Sciences.

- The layout of the Dedicated 7-Day Laboratory is shown in Figure 4-2. I occupies all
of the volume above the floor of the sortie module except for the left end, as depicted
where the standard DMS equipment is located, The laboratory contains 11 racks and
congsoles. Ten are for research equipment (see Table 2-2), and one is for subsystem
equipment storage; namely, the recorders and tape for the DMS, Organism holding
facilities include 6 cage modules and two small primate containers. The other major
items are the laminar flow bench, which can interface with the holding units; the bicycle
ergometer; rotating litter chair; teleoperator control console; and body mass measure-
ment device, Many of these devices are exemplary in nature, That is, since it is not
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Table 4~1, Summary of Life Sciences definitely known what devices will be used
Laboratory /Sortie Module in future biomedical/MSI experiments,
Envelope Volumes devices such as the rotating litter chair
and hicycle ergometer have been included
to be representative of the type of future
Bhaved | Dedlcatid | Dedicated equipment to be used. The Dedicated 30-

7-Day T-Day a0-Day

Volumji Laboratory| Taboratary| Laboratory Day LabOratory layout iS Shown in Figure
Totnl Internnl Voly f Sortie Modul i 3 i j i
i elume ol Bordle ModAle | 100 | v7.5 208 | 87,8 (3200 4-3 and is quite similar to the Dedicated
Laboratory Fnvelope Volume, m® (it") 7-Day Laboratory. The addition of one
(Ieludes Research Equipment, Add-On x
Sabiyeloms, Enuipment. ALles, Accos rack and one console brings the total num-
Space, Etc.) 3.8 {1300) | 59.5 (2100) | 59,5 (2100) A .
(Research Plus Subeystem Equipment ber of racks and consoles to 13 (including
Volume within Laborat: Envel 3
Vzlume, m"/(ﬂ:’:;}om oy Favsiope *12,6 (442)] (17, 6 (622)) |[20,6 (728)] 12 for reserach equlpment plus one for
Bemaining Internal Volumo, m (1t°) subsystem support), and requires a slightly
{Fur Standard Scrtic Module Subgyatems .
Str:ctu::,aﬁharing Payload, L‘tc?l 51,0 (1800} | 25.23 (1000} | 28.2 (1000 more compact arrangement Of items Wlthi['l

the laboratory. The volumes of both the
dedicated laboratories are summarized
in Table 4-~1.

An internal configuration for the sortie module, which is designated as having Z floors,
is still being considered by NASA. As shown in Figure 4-4, it has two general floor
levels rather than one, with a step in the upper level, In order to determine what im-
pact the Z floors would have on the Life Sciences Laboratories, the Dedicated 30-Day
Laboratory equipment was placed in this configuration. This laboratory contains the
most equipment and was therefore used to indicate generally whether all the Life Sciences
Laboratories would fit into the Z floors module. The Z floors laboratory shown in the
figure contains both baseline sortie module subsystem equipment and Life Sciences
research equipment. Since the floor-to-ceiling height is approximately 1.7m (5~1/2 ft),
the standard racks and consoles that contain the Life Sciences equipment were reduced
from 2m (6,6 ft) to 1.5m (5 ft), Thus, additional racks and consoles had to be added to
make up for the lost volume. This resulted in 17 racks and consoles compared to 13
used previously, The remaining equipment is identical to that contained in the single
floor version of the Dedicated 30-Day Laboratory.

All the single-floor laboratories require the placement of the MSI biomedical research
specific equipment on the upper wall of the sortie module as depicted in Figures 4~1 to
4-3 {on the ceiling). This was necessary to get all the equipment into the sortie module,
but does not adhere to the ideal case where all equipment is placed so that the crew
assumes a common (heads-up) orientation. With the Z floors configuration, however,
this equipment, which includes the bicycle ergometer, the rotating litter chair, the body
mass measurement device, and teleoperator control console, can be oriented normally
rather than upside down relative to the normal crew activity orientation.
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4,2 LIFE SCIENCES/SORTIE MODULE INTEGRATION SUMMARY

Table 4-2 summarizes the general requirements of the Life Sciences Laboratories and
compares them with the shuttle/sortie module's capability to meet these requirements.

Table 4-2, Summary of Life Sciences
Laboratory/Sortie Module
Integration Parameters

Life Sciences Payiund
Reguirements
Avnilablef Dedjcated | Dudicated
in Sortie|Shared 7-Dbav 30-Day
Parameter Alocdule Tah Lab Lalb
Weight, kg I R R N T
Research Equipment + Supporting Rack
and Cunsoles 2134 Jo0 4R
(Subsystems Equipment)
Organism ECB 10 142 240 |
DMR Hardware & Research Recording 171 497 1252 1
Tape
EPS Fuel & Tankage 130 135 1155
Thermal Cantrol Subsystoem Q 1 1]
Crew EC/LSS 0 352 1047
Supporting Structure for Subsyatem a7 163 374
Subsystem Subtotals 404 1131 4107
Tatal Welght, kg (Ib 5450 2592 4431 =14t
(12,000} (5702) [EXil] 115,020
Average Eleclrical Power, kW
Rasearch Equipment 1.13 1,59 1.100
Scbsystem Equipment 0,20 [ ] 67
" Total Htod LA 2,15 2,5t
Electrical Energy, jW-hr 150 208 340 1430
Heat Rejection, kw, 4tos | 1,87 ML LA
Sampled Data Acquisition Rate, kbps 104 IR bl 13 I -5 |
Sampled Data Donwlink Rate, kbps 25-250{< 50 50 =50
Payload Specialists L 2=4 |1 3 l J

The shuttle has payload capability of
14,500 kg (32,000 1b). Subtracting the
9,100 kg (20,000 1b) baseline sortie
module design weight, leaves 5,450 kg
{12, 000 1b) for the Life Sciences Labor-
atories. As shown in the table, the
Dedicated 30-Day Laboratory exceeds
this weight capability. This problem
area was found to exist late in the study
due to a decrease in shuttle/sortie
module weight capability guideline being
used, Its resolution will require reduc-
tion of research capability or an increase
in weight capability assignable to the
experimental laboratory equipment.

Most of the other properties included in
Table 4-2 have been previously discussed
in Sections 2 and 3, The sortie module
capability is generally. sufficient to meet
the Life Sciences requirements, or can
be brought to a sufficiency level by add-
ing equipment that has been charged to
Life Sciences and included in the weight

volume and power values for the laboratories. The details on the manning analysis
that was performed leading to the mission specialist requirements are presented in

Section 6,



SECTION 5

GROUND SUPPORT OPERATIONS AND FACILITIES
FOR BIOLOGICAL FLIGHT RESEARCH

Typical activities in the pursuit of biological research in space were studied to deter-
mine any special ground facilities required and flight integration problem areas. Bio-
logical research was specifically studied because of certain differences between this
area and the areas of biomedicine, MSI and life support and protective systems (LSPS).
The main difference is that numerous types of experiments in the latter three areas
have been conducted in previous manned space flights, whereas very few experiments
have been performed with biological organisms. Aside from early flights using pri-
mates, attempts with immanned satellites containing organisms and simple microbio-
logical experiments the area of biological research in space, is relatively undeveloped.

Another difference between biology and the other FPEs is the requirement for compre-
hensive ground controls. In a complex biological organism, the interactions of many
parameters can influence the parameter under study and an attempt must be made to
isolate the experiment variable. Hence, the biologist uses confrol organisms to ensure
that the introduction of some extraneous environmental condition is not responsible for
the result he is observing. In contrast, the physical scientist (LSPS experiments) rare-
Iy uses such controls. Also, because of the variability of the various organisms, bio-
logical research is more of a statistical than an absolute phenomenon.

Similarly, biomedical research and MSI research are statistically oriented and require
careful attention to experiment controls. The men to be used as subjects will undergo
confrolled testing before and after flight. However, the facilities for these tasks are in
a large part presently available within the NASA centers.

In the area of biology, ground-based operations and facilities encompass a broad range
of activities that are dependent on the specific experiments to be conducted. Typical
activities were postulated here to determine potential facility requirements and integ-=
ration problems. These activities are shown in the functional flow diagrams of Figures
5-1, 5-2, and 5-3. Table 5-1 also lists some of these activities and the associated
facilities required. Any potential integration problems that can be foreseen at this time
are also listed.

Figure 5-1 shows several activities anticipated during the mission preparation phase,
between the time when specific experiments are selected umntil they are transferred
from the principal investigators (PI) laboratory to the launch site. Following experi~
ment selection, it may be desirable to verify that the experiment is compatible with the
flight environment, At most, this activity may require that the proposed experiment

be put through a ground simulation of the dynamic conditions to be experienced through-
out the flight. This would include acceleration and vibration to determine whether
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ORGANISMS) LOCATIONS IF NECESSARY)

Figure 5-1. Potential Mission Preparation Activities

these forces substantially affect the organisms or the experimental measurements to
be made. This would require a facility containing vibration platforms and probably a
centrifuge to simulate ascent and descent acceleration. This equipment would have to
be configured to accept living organisms and provide the necessary life support and
monitoring for these organisms. NASA has equipment that could be adapted to this
use at the various centers.

Other activities during the preparation phase, Figure 5-1, include the establishment

of experiment protocols and baseline data and the transfer of the organisms to the
launch site. During these activities, as well as throughout the program, the PI should
be provided with organism-holding equipment similar to that which will be used in
flight. For this purpose, Convair Aerospace has developed a cage module concept for
housing various types of organisms. The cage module is a hermetically sealed en-
closure that can be used in ground-based experiments as well as those in flight, It
also provides a housing for the organisms as they are transported from the PI's labora-
tory to the launch site.

In addition to the cage modules for housing the organisms, certain supporting equip-
ment will be required for environmental control of the cage modules, data acquisition,
and electric power provisions. These fimctions will be provided during ground opera-~
tions by a biological experiment support and transfer unit (BEST). The BEST is des-
cribed in Section 10 and is designed to operate as a self-contained unit for the orga-
nisms within their cage modules. Therefore, this mit can be transported by ordinary
ground or air transportation facilities.
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Figure 5-3. Example Postflight Activities

Figure 5-2 shows some of the major activities anticipated during the prelaunch and
flight periods. The first block in this diagram indicates an anticipated requirement

to hold the organisms at the launch site during initial countdown procedures. Orga-
nism holding at the laumch site can also use the cage module holding wnits and the
BEST to maintain a consistent and controlled environment for the organisms. The
self-contained nature of the BEST will also minimize the facilities at the launch site,
which will be necessary to support the organisms and experiments. However, depend~
ing upon the individual experiments, additional equipment may be required. Such
equipment would be similar to that contained in the CORE equipment units of the equip-
ment inventory, and would be used for monitoring the organisms during the preflight
holding period. A suitable building with laboratory-type facilities would be required

at the laimch site to house the organisms and equipment.

Sometime during the preflight period, it is anticipated that certain preparatory pro-
cedures will be performed on the organisms and/or the cage module instrumentation
and equipment. Examples include the attachment of biosensors and checkout of elec-
tronic equipment, and the installation of protective devices if required. Biosensors,
however, may also be implanted at the PI laboratory rather than at the launch site,
depending upon the specific experiment, Protective devices for protection of the
organisms during their exposure to laumch loads may be required for certain organisms
such as plants.

Also, during the countdown period, the supporting subsystems aboard the sortie mod-

ule will require checkout. During checkout, it was assumed that special-purpose cage
modules with simulated organism loads would be used. This will allow loading of the
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Table 5-1. Typical Biological Experiment Operational and Facilities Requirements

DESCRIPTION OF ACTIVITY

POTENTIAT, ADINTIONA L GROUND
FACTLITY REQUIREMENTS

INTEGRATION PROBLEM AREAS

Al

MISSICN REQUIREMENTS

Conduct Preliminary Tests to Dotormine
Flight Compatihility and Research Protocols

o At P.I. Laberatories

¢ At NASA Flight Simulation Facilities

Prepare for Flight Experiment {Oblain
flight and control organisms and acgquire
baseline data}

Transfer Organisms and any Special
Expariment Equipnient to the Launch Site
(Continue to monitor organism and ex-
periment parameters)

Use flight-type holding unita (cage
madules) with etandardized supporting

aquipment (BEST}.

Use cage mchiles and BEST. Use
exising NASA centrifuge, vibration
Paeilitics and other dynamic loading
equipmaont. .

Use cage modules and BEST.

Use cage medulas and BEST for
organism transport by standard ground
or air trangportation.

Requizes dovelopment and ac~
ceptanco by the P.I. of stan-
dardizod cage modules & BEST.

Potential problem in adapHng .
NASA lacilitles for uza with
living organigmA,

A,

LAUNCH SITE OPERA TICNS

Hold Organisms untll Launch {Monitar
Install Organisin Pratectve Devices just
Prior to Tawneh (I required)

Activate ECS, DMS, EPS, & TCS amd

Check Out These Subsystams

Transfer the Flight Organiams in Their
Cage Modules io the Sortie Module

Bialogleal Iaboratory Eactlity. *
Vag cage tcdules and BEST.

" " " 1

Cage moduled with sizmlnted organ-
ism Joasd for use during early checkout
progedures.

Cage modules, BEST, standard ground
traosportation vehlele and mochanien!
landing devicea.

Nevelopment of cage moduled
with simulated organism loads
required.

Loading should occur as late in
countdown a8 poasibla.

FLIGHT AND GREITA L OPERATIONS

Al

Launch and Orlbital Insertion

Remove Organism Pratective Devices

Perform Experiments & Poasibly Ground
Procedures on Control Organisma

Reinatall Restraints & Protective Deviees,
& Descend to Landing Sitg,

Use exdstng facilities.

None.

Use NASA ground-based blolaboratory
at the launch site or P.1. laberatory.

None.

Supporting subsystoma must be
functioning throughout the ascent
phase of fight.

POSTFLIGHT OPERATIONI

Trangfer the Fight Organdsms io Their
Cage Modules to the Biological Holding

Facility

Tranafor Spectmens to Biolagieal
Holding Faollity

Parform Postflight Biological Analysis at
the Blological Laboratory at the Launch
Site If Required

Transfer Organisms and Specimens to the
P.1.'s Labhoratory’

Perform Postflight Analyses at P.I.
Laboratory and Terminate Experiment

Use cage modules, BEST, and
standard ground transportation.

Nead low tomperature or insulatad
transfer containers.

TUse launch site biclabworatory,

Use cage maodules, BEST, and
freezers. Use standard ground or
oir trensportation.

Usa existing P_I. facilities,

Transfer as soon after landing
as poasible.

*The Launch Stte Biolaboratery would include facilities for such functions as organism holding, data management, microscopy
studies, microblological analyses, and anatomy and histelogy studies.

5-5



flight organisms in their cage modules later during the last few hours of the count-~
down (a requirement stipulated by bioscientists for certain short lifetime experiments}).
The cage modules used for earlier checkout will be identical to those to be used for
flight and will be designed to allow checkout of the environmental control subsystem,
electrical power subsystem, thermal control fluid loop, and data management subsys-
tem. Just prior to loading the cage modules containing the flight organisms, the
checkout cage modules will be removed. Following this, a final checkout of the flight
cage modules is anticipated, as shown in Figure 5-2.

Following laumch and orbital insertion, the organisms may require preparation for the
orbital research procedures, including removal of protective devices, if used. Ground
support activities during the orbital phase will depend upon the individual experiments
being performed. I various research procedures must be performed on the ground
controls, this could be done in PI laboratories using their equipment, or with controls
held at the Iaumch site biolaboratory, or at other NASA facilities. Control organisms
would generally be held in the cage modules and supported by the BEST.

Following the orbital research period, organisms to be returned to earth will be pre-
pared for descent, if required. As soon as possible after landing, the cage modules
containing organisms will be removed from the sortie module and transported, using
the BEST, to the launch site or PI biolaboratory. Specimens will also be transpcrted
to the biolaboratory, and may require special insulated or low-~temperature containers
for this purpose.

The postflight procedures may be performed at the launch site or at the PI laboratories.
Typical examples of these procedures are shown in Figure 5-3.

An overall concept of the mission scenario for bicexperiments is shown in Figure 5-4.
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SECTION 6
OPERATIONS MODEL DEVELOPMENT AND APPLICATION

A common technique used by designers of manned experimental facilities is to repre-
sent the operations within a facility by a set of typical experiments. This allows the
designer to estimate operations-dependent quantities such as crew size requirements,
power consumption levels, and equipment usage rates (of interest in workspace layout,
data management calculations, etc.). This study, however, used a facility approach
in the design of the Life Sciences Laboratory. Therefore, specific experiments could
not be uged as the basis for a laboratory design, which made it necessary to model the
research operations in some other way. This section discusses the development of an
operations model based upon a facility approach.

6.1 OPERATIONS MODEL

An operations model was developed based upon the Life Science research fimctions to
be performed within the laboratories. - These functions were taken from the computer-
ized functions inventory developed during Task A and B, of the preceding contract.

The equipment methods used, and the time required to perform these functions, form
the heart of the operations model. A frequency of occurrence was estimated for each
of the function-methods. This frequency, in conjunction with the function inventory
performance time data, gives the designer a feel for the activities within the labora-
tory, how often they occur, and for how long. Thus he has a basis for estimating the
operations-dependent quantities, such as workspace layout, power levels, data manage-
ment requirements, etc,

The complete operations model is tabulated in Volume III, Appendix II. The first page
of this 23-page model is shown in Table 6-1. The functions and their selected equip-
ment methods are listed in the left~hand column. The estimated time to complete the
function is listed in the next two columns; the first column is the time estimate if the
function~method is performed just once; the second column is the time estimate for
each additional repetition (it generally is smaller as the unstow, setup, restow type of
activities are included in the first time estimate).

The next three columns are the estimated frequency of occurrence of the function~
method for the Dedicated and Shared laboratories and an explanatory note column. The
estimated frequencies are stated as the number of repetitions of a given function or
method per time period (or where a time estimate was not provided in the inventory,
an activity time estimate per time period).

It should be recognized that functions frequently do not occur at regular intervals but
are of a more sporadic nature. For example, a function might occur ten times one
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Table 6~1.

Excerpt From Operations Model

QPERATYONS MOLEL

TIME REQUIRED PER * CREW TIME REQUIRED
REPETTITION, MIN. FREQUENCY (Min. /Time Period)
First |Bucceeding Dedicated La}_»* Shared Lab Dedicated Lab | Shared Lab
FUNCTION Repetition |Repetitiona (7 & 30 Day) (7 Day) Notes (7 & 30 Day) (7 Day)
3 Vertebrate feedipg - solld pellets are supplied edlib or regulated
A Paellets attached to belt 0 o ¢! C a? A
L vVertebreie watering - req dripless animsl actuated dispensor tips
A Mapifold low pressure to tips Q 0 [~ c A A
5 Urine mgmt at cage - urine must be removed quickly (minutes)
Alr flow thru cage moves urine t¢ collection pad.
A Lam air flow system as appe 0 o] C c A A
6 - Urine mgmt from cage collector to storage or disposal
A Urlne pad exchanged : 20 2 1/wk 1/%% 20/wk 20wk
B Feces mgmt - cage to disposal liguid to solid conasistency
B Feces collected through LFB 20 1 1/wk L/wk 20wl 20/wk
4 Organlsc mass measurements
A 0Osecillating mass measurements 5 5 1/3 dys 1wk 5/3 dys 5 fuke
10 Holding primates MME - messures basic melebolism at work/rest ;
¢ Modified. primate holding cylinder 60 1/2¢ - A -
11 Holding rat and rat size animals for metabolic msmts
A Specia) cege with many xdecrs 20 1/2c - A -
12 Holding mouse MMB - same as for rat
A Special cage with many xders 20 1/eC B I3 -
| 13 Holding cage MMB - rabbite/msrmots, etr.
A Bpecial cage with many xders - 20 1/2c - A -
14 Bicglectic xder installaticn and setup - beware emi
B Crt cheek/precalib comptr cal 15 5 2/2 ays - 20/2 dys -
C Preinstel 1 1 1/ay 1/ay Crew checkout 1/ay 1/dy
15 Camera setup
& Mount, function ck and calib 20 10 1fay - 30/dys -
16 Setup camers ophical commutation-orgenism to organism
¢ X-Y camera drive 1/5¢ - 1/5 ¢ - A -
17 Moroitor ECG (for bioresemrch - ecg signsl mgmt from cage to cage
mod to data mgmt.)
B Hardwere multiplex data to dm S o C - Ffk crew o/wk -
che ckout

* Or minutes/time period where appropriste.
#% Data in parenthesis are for 30-dey lab only.
1 "c" ipdicates a contirucus function.

2 A" {pndicates an putomatic function with no crew time required except for inltial equipment setup. This time ie estimated in

the "First Repetition” column but not used in the manning

anslyeis.



day and only twice the next, or every hour for two days and then not at all for the
rest of the week. Average frequencies have been assumed for these functions.

The estimated frequencies were constrained by practical considerations for some
functions. As an example, the frequency with which a sample of blood can be drawn
from a rat is bounded by the need of the experimenter on the one hand, and exsangui-
nation of the rat on the other. " For other functions, an intuitive estimate of the ex-
pected frequency of a particular function within the laboratory was used. The expect~
" ted frequencies are considered to be reasonable estimates representative of the
character of the operations within the laboratory. The final colurns in Table 6-1

are crew time estimates in the manning analysis discussed below.

6.2 MANNING ANALYSIS

The operations model was used as the basis for estimating total crew time require-
ments (work load). To determine the crew size required, the work load was divided
by the time available per crewman. Available crew time was constrained by the as-
sumed duty cycle for each labhoratory.

6.2.1 DUTY CYCLE. The basic duty cycle assumed was 12 hours on duty and 12
hours off duty, seven days a week, with the entire crew on duty at the same time and
sleeping at the same time, TFive days out of the 7-day missions were assumed to be
devoted to experimental activities, and 6 out of every 7 days on the 30-day missions,
as discussed below.

6.2.1.1 Simultaneous Duty Cycles. The selection of a simultaneous duty cycle was
based on the Life Sciences Laboratory requirements. No experiment requirements
for roumd-the—clock (RTC) operations have been identified for these laboratories. The
all-on, all-off operation was selected in order to:

a. Increase the availahility of crew skills. When the crew is split in half with RTC
operations, one of two procedures must be followed. All activities requiring a
certain skill must be scheduled during one-half of the day. If this were done, cer-
tain operations would require crewmen to be awakened during their sleep period to
serve as subjects on tests conducted by this specialist. It would also limit Life
Sciences research by reducing the number of crew skills available at any parti-
cular time, this reducing the overall versatility of the laboratory in applying all
the skills available as the immediate situation demanded. The alternative fo
splitting skills is cross-training crew members to an even greater degree than
otherwise required. Cross-training of crewmen to acquire the variety of skills
demanded by the Life Sciences Laboratory will be required even when all the
crewmen are available at one time. This requirement would be further com~
pounded by RTC operations.



b. Minimize noise during sleep periods. Recommendations from ground-based
simulations of long—duration spaceflight and past space experience consistently
contain references to continuing efforts to minimize noise during sleep periods.
Noise can be a major irritant to the crew, and even with separated living quarters,
the active crew would disturb the sleeping crew when they return to the crew
quarters for meals, etc.

c. Maintain ground biorhythms. To maintain peak performance during the initial
adjustment phases of the mission, the all-on, all-off schedule allows continua~
tion of the crew's ground-based wake/sleep cycle, and no readaptation of their
bichythms is required.

6.2.1.2 Off-duty Time. The 12 hours of off-duty time for each crewman are divided
into: 1) 8 hours of sleep; 2) 2.5 hours of food preparation, meals and cleanup, or
about 45 minutes for each of two meal periods, and an hour for the third; and 3) 90
minutes of exercise and persocnal hygiene activities. Periodic housekeeping of the
living quarters is assumed to be completed during this latter time period as required.

6.2.1.3 On-duty Time -- 7-day missions. For the 7-day missions, the 12 hours of
on-duty time are completely scheduled with functions from the function inventory.
Any wnscheduled activities, such as emergency repair or replacement of equipment
or high—priority unscheduled experimental activity selected by the on-board experi-
menter, would replace scheduled experiment activity, causing it to be rescheduled
and performed later if time was available. Five of the seven days are scheduled for
experiment activity, with the first and the seventh day devoted to launch, orbit
establishment, checkout, and setup activities and shutdown and re-entry activities,

6.2.1.4 On-duty Time — 30-day mission. For the 30-day mission, the scheduled
activity is reduced to ten hours, with a 2-hour allotment for contingency time to ac~
count for the greater probability of equipment breakdown on a longer mission, to pro~-
vide for a larger margin of error in scheduling activities over the longer mission,
and to provide the potential for crew personal or recreational time should circum~
stances warrant it and the need arise.

Six out of every seven days are devoted to experiment activities after initial orbit and
setup have been achieved. A highly flexible seventh day is provided, with no schedul-
ed activity from the functions inventory. This day is scheduled as an experiment
evaluation and review time bhetween the on-board experimenter and ground-based prin-
cipal investigators to take full advantage of the research flexibility allowed by manned
laboratories in space. The scheduled activity for the coming week would be thoroughly
evaluated based on the experience of the past week, and potential changes or repetition
of measurements planned. In addition, this day would provide contingency time for
abnormally high maintenance and repair activity, and for crew personal and recrea-
tional time as required by the long-duration mission.
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Table 6-2. Crew Size Required for the
Life Sciences Laboratories

TOTALS

DEDICATED LAB SHARED LAE
4205 min/wk = 4205 min/wk 1478 minfwk = 1473 min/wk
758 minfdy = 3768 345 min/dy = 1725 "
520 min/3 dy = 1040 ' 55 min/3 dy = 110
G0 min/2 dy = 180 " 14 min/2 dy = VI
11 min/4 hrs = 185 " 0 min/4 hre = [
9355 min/wk 3350 min/wk
Swman fanctions =  227% min/wk 2_man funetions = B892 min/wk

or @ 05 = 446 min/wk

or  505% = 1139 min/wk
© To1od min/wk 3796 min/wk

10494 min/wk
¥
Crew size required = 10, 494/3600"" = 5796/8600
=1.06 man
(2 1 man Lifc Sciences crow)

=2.93 men
{8 3-man crew)

*Assuming the second man can work 507 of the time cn annther task.

#+Agsuming crew time avallable for oxperimental acdvities equals 12 hours a
oy, five doys a wock (10 trs a day, six days a week for Dedicated-30), or
3600 min/wk.

6.2.2 MANNING LEVEL. The number
of men required to perform the desired
tasks in the Life Sciences Laboratories
was determined by calculating the total
crew time required and dividing that by
the time available per crewman. Crew
time required, or workload, is tabulat-
ed in the two right-hand columns of the
Operational Model, Appendix II, Volume
IO for each function-method requiring
crew involvement. It is also illustrated
in the excerpt from the Operations
Model, Table 6-1. It was calculated by
multiplying the time required for each
function-method times its estimated
frequency. The sum of these products
is shown in Table 6-2 for the Dedicated

For those

and Shared Laboratories.
biomedical and man-system integration
functions that require two men (a subject and experimenter), it was assumed that the
experimenter could spend approximately 50 percent of his time on other activities
while the two-man function was being completed by the subject (some functions require
an experimenter only during initiation and termination, while others reguire him full
time). Thus, only 50 percent of the total two-man function time was added to the sub-
total to obtain the total workload estimate for each laboratory. The Shared Laboratory
requires one man devoted to Life Sciences activities, while the Dedicated 7-Day Lab~
oratory requires approximately three men.

The Dedicated 30-Day Laboratory has some increased functional capability over the
Dedicated 7-Day Laboratory, but the additional crew time requirements are approxi-
mately offset by the decreasing frequency of occurrence of some of the functions (e.
g., those functions whose frequency is limited by the supply of animals such as the
function "eross anatomies''). Therefore, while a detailed analysis was not performed,
it is felt that the Dedicated 30 manning requirements are approximately the same as
the Dedicated 7.

The above manning requirements are compatible with current estimates of crew size
for the sortic module.

6.3 EQUIPMENT OPERATIONS ANALYSIS

The operations model was used as the basis for estimating average power consumption
and equipment usage rates. This procedure, equipment operations analysis, is docu-

mented in the Volume ITI, Appendix I. It indicates what each equipment item within the
EU is used for, how often it is used, and the average power it consumes.
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An excerpt from the Equipment Operations Analysis Table for EU 4 (Preparation and
Preservation Unit) is shown in Table 6-3. Each equipment item is listed by identifi-
cation number (left-hand column), and name (second columm). The remaining columns
indicate, for each laboratory, the number of that item required, the estimated fre-
quency of occurrence of each using fimction, the crew use time for each equipment
item (per function and total use time), and an average power consumption (per function

and total).

The crew use time was obtained by multiplying the function freguency times the crew
time required to complete each function, which is listed in the function inventory.
This product was converted to crew use time in minutes per day, so that each crew
time per fimection could be added to obtain a total crew use time for each equipment
item. 'This total can be used during the laboratory layout task for gross estimations
of the work space volumes required around an equipment item. For example, is more
than one crewman accessibility desirable ? Is crew occupancy of the access work
space so high that special provisions are necessary for passage by other crewmen ?
Are special provisions for access to adjacent items necessary to minimize inter-
ference ? The individual equipment use times can also be used if payload trimming of
borderline items is necessary to cut cost, weight, power, or volume. For example,
if a heavy item was used infrequently, it would be a candidate for a tradeoff between
its in-space usefulness and the weight savings obtained if this fumction could be per~
formed on the ground.

Table 6-3. Sample From Equipment Unit Data Package — Equipment
Operations Model EU 4 — Preparation and Preservation Unit

DEDICATED LABS — 7 & 30 DAYS SHARED 7-DAY LAB
NO. OF CREW | AVG. |ND.oOF CREW [ AVG,
EQUIP. EQUIPMENT NAME FTEMS | FUNCT. | TIME, |POWER,{ITEMS | FUNCT. |TIME, |POWER,
ITEM & USING FUNCTION REQD. | FREQ. | MIN/DAY|WATTS |REQ'D | FREQ  |MIN/DAY|WATTS
014 | ANESTHETIZER (INVERT
HANDLING) 1 1
78A INVERTEBRATE 15 MINDY, 150 0 .
COUNTING & SORTING fov 180 4 0 SMINDY,| 50 L
15 0 © B 0
018 | BENCH, LAM FLO 1 1
6A URINE MANAGEMENT WK, 4.0 0.6 1WK. 4.0 0.6
88 FECES MANAGEMENT 1WK. 4.0 0.6 WK, 40 0.6
318 BIOSAMPLING B/DAY 30.0 4.2 3/DY. 15.0 2.1
78A INVERTEBRATE B MINDY,  15.0 R 5 MIN/DY,
COUNTING & SORTING 2 m 50 o7
918 PLANT - - - . 1
RADICCHEMISTRIES ‘ 2 80 !

928 VERTEBRATE 47K, 16.0 22 2/WK, 8.0 1.1
RADIOCHEMISTRIES

938 INVERTEBRATE WK, 16.0 2,2 2K, 8.0 11
RADIOCHEMISTRIES
948 CELL & TISSUE 4/WK. 16.0 22 2K, 8.0 1.1
RADIOCHEMISTRIES
124A CREW/ORGANISM 1/4 HR, a.0 1. . 04
ity f 3 1/DY. 3.0
125A CREW/CHEMICAL 1/4 HR. ) 1. 1/D¥. R
ISOLATION 9.0 3 U 340 04

3534 CULTURE/SENSITIVITY 10, 7 01 ” —
e 120117 N N




A similar technique was used to obtain average power consumption. The power con-
sumption rate required by each equipment item was multiplied by the average fraction
of time per day that each EI would be used per function to obtain the daily average
power consumption rate for each E] per function. These values were than added to
obtain the total daily average power consumption rate for each EI, for each EU, and
finally for each laboratory. The average power in the equipment operations analysis
tables has been rounded off to the nearest watt. In many cases, 4 zero appears in the
column where power is being consumed, but only for a short time, so that on daily
power basis it is nil.

This operations analysis of each equipment item allows us to identify quaﬁtities such
as average EU power consumption rates and the highest individual power consumers,
as discussed below.

6.3.1 AVERAGE POWER BY EQUIPMENT UNIT. -The average power consumption
rate for each EU is shown in Table 6-4. Two totals are shown for each EU in each
laboratory. The first total represents the average power consumption rate while the
crew is doing research within the lab (on-duty power). The second number repre-
sents the power consumption rate for the off-duty hours and is obtained by summing
the average power consumption rates for that equipment which continues to function
automatically, with or without the crew,

6.3.2 AVERAGE POWER BY LARGEST CONSUMERS. Those equipment items
which draw the largest amount of power, on a daily basis, are listed in Table 6-5.
These 22 out of a total of 198 equipment items Dedicated (30-Day) Laboratory use 88%
of the power. The items are ranked by average power required for all wnits of one
type. For example, the 16 rat cages draw an average power of 72 watts every 24
hours.

Table 6-4, Average Power Consumption by EU, Watts

Shared DED-~T LEIX-30
EU_ tm-thty OffvDuly On-Duly Qff-Duly Cn-Dufy OFf-Duty

224 210 261 a7 271 244
103 100 1568 144G 155 146
20 20 13 [{E G5 G4

L

457 a5 277 85 541 335

E 80 - 315 225 320 225
6/7 10 0 27 1] 27 o
11 0 ¢ 0 i 0 [
12/31 25 [ 36 1 56 8
26 5 0 4 0 15 [
40/41/42 82 a2 195 195 230 210
50/51/70 130 130 131 130 131 130
64/61 e 100 100 100 100 100
80 200 200 200 200 200 200
91/93 0 [1} 2 4 4 0
Totals 1245 1022 1798 1358 2115 1682
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Table 6-5. Largest Power Consumers (DED-30)

Average Power

EU El Name Consumption (Wattg)
4 81 Freezer, Low Temperature 250
1 32A Camera Controller 200

80 115F 1SS Test Bench 200
4 179 Temperature Blocks 150
5 89 Gas Analyzer, GC {Complex) 139

41 28A Cage, Monk, Macac 100

60 984 Holding Unit Incubator, Cells 100
5 91 Gas Analyzer, Mass Spec 80

40 30A Cage, Rat/Hamp/Quail 72
4 80 Freezer, General 70

50 101 Holding Unit, Plant 70
2 156 Signal Conditioners 63
5 7 Autoanalyzer, Multiple 61
2 63B Display-Keyboard Console 60

70 98C Holding Unit Incubator-Inverts 50
3 1A Accelerometer Couplers _ 41

12  153A Rotating Litter Chair 39
1 37 Camera, Video B/W 35

41 100  Holding Unit, MMB, Primate 35
3 150D Receivers, DC~5 mhz 20
5 50A Commutator, Gas Manifold 20

42  150B Receiver-EXG, Cage Mod 20

1875
or 88% of total aver-
age power




SECTION 7
CARRY-ON LABORATORY DEFINITION

The current study included not only the definition and integration of the large Life
Sciences sortie module laboratories, such as the Shared and Dedicated labor-

atories, but also the definition of smaller, portable, primarily self-contained lab-
oratories that could be placed in the multipurpose sortie lab or the crew compartment
of the shuttle orbiter to provide the capability for limited experiments on the early
shuttle flights. These carry-on laboratories were included in the current phase of the
study by NASA direction and did not receive the Task A and B analyses. Consequently,
they have not been defined at the same level as the larger laboratories. The material
presented in this section is on the conceptual design level only.

7.1 REQUIREMENTS AND GUIDELINES

The definition of the carry-on laboratories was guided by NASA directives, including a
listing of the research areas of primary interest, the fuinctional capabilities desired
in each area, a set of requirements, and a set of tentative constraints (Reference 9).

The functional capabilities desired in each research area were reviewed, and the equip-
ment needed to provide that capability was identified. This selection process was
guided by (1) the NASA requirement o minimize the data analysis performed in space,
emphasizing sample return for ground analysis, (2) the requirement for modular de-
sign to ease removal and replacement of components, and (3) the requirement for maxi-
mum equipment commonality within and between FPEs. Wherever possible, CORE
equipment items were selected from CORE inventories to form the heart of the labor-
atories. The CORE items were supplemented by certain discipline-specific equipment,
such as the cage module used to confine sub-human test specimens. However, these,
too, were chosen because of their broad applicability across the disciplines, their
multiple-purpose capability, and their reusability (basically CORE-like characteristics).

Other requirements that were specified were the need for isolated test environments to
prevent cross~contamination in biology and biomedicine and the use of off-the -shelf
equipment wherever possible.

The set of tentative carry-on laboratory constraints provided by NASA are listed in
Table 7-1. These constraints, imposed by the potential placement of the laboratories
in the orbiter—crew compartment, are subject to revision and were to provide initial
guidance only and not inviolable limitations.

This task resulted in the conceptual design of five laboratories: two in biclogy and one
each in biomedicine, man-systems integration (MSI), and life support and protective
systems (LS/PS).
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Table 7=1. Carry-On Laboratory 7.2 BIOLOGICAL AND BIOMEDICAL

Constraints CARRY-ON LABORATORIES
Cur approach fo the conceptual design of
Weight 136 kg (300 Ib) the Biological and Biomedical Carry-on
Power Requirements Laboratories was similar, so the design
Sustained 100 Watts of both laboratories will be discussed
Peak 500 Watts
together.
Volume 0.85 m3 (30 #3)
Maximum Package 0.6lmXx0,76mx0.91m 7.2.1 RESEARCH AREAS OF INTEREST
Dimensions (3ft x2,5ft %3 FOR THE BIOLOGICAL CARRY~-ON
Packing Density LABORATORY. Many problems of interest
Maxi mum 320 kg/m3 (20 Ib/ft3) in the support of man in advanced space
Average 160 kg/m3 (10 Ib/ft3) systems cannot be approached by using
Crew Time 1 hr/day man as the test subject in short sortie

flights, because the flight duration is too

short to permit observation of significant

changes in man's physiology. Moreover,
many studies involve techniques that may be adverse to man except under a specifially
controlled medical environment. It is therefore appropriate to use bioclogical models
in place of man for such research.

Two Biological Carry-on Laboratories were specified to illustrate the use of biological
models in sortie flights. One employs whole living organisms (small mammals) as the
model., Various mammals of choice could be used for evaluating different physiologi-
cal systems. The other laboratory is based on the use of selected cells and tissues

to observe intimate details of responses to zero—g over comparatively short time
scales.

7.2.1.1 Small Mammal Carry-on Laboratory. The facilities for confining specimens
are based around the rat as a test subject; however, any small mammal of comparable
size can be accommodated. Cardiac function and hemodynamics were specified as

the research areas of interest to parallel similar work done on man, As in the Medical
payload, certain measurements would be made in real time, while a wide variety of
body fluid samples would be preserved for later study. The animals could be returned
alive to earth, or the whole specimen, any organ, or tissue could be preserved for
postflight analysis in ground laboratories. The emphasis on preservation and return
for ground study has a significant impact on laboratory characteristics.

7.2.1.2 Cell and Tissue Carry-on Laboratory. A general facility for maintaining
and experimentally manipulating cell and tissue cultures is provided. Studies of
electrolyte balance and mineral metabolism can be accomplished with this laboratory.
A preparation and preservation capability is particularly important in the cell and
tissue area. Cultures may be returned both alive and fixed for ground study.
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Bacteriological survey studies of man and his shuttle environment are feasible with
this laboratory.

7.2.2 RESEARCH AREAS OF INTEREST FOR THE MEDICAL CARRY-ON
LABORATORY. This laboratory focuses on some of the early changes in man's
physiology as he adapts to the space environment. The research areas of interest

included are:

Cardiac fuimction.

b. Hermodynamics (including studies of cells, electrolytes, and other blood
components).

c. Pulmonary function.
d. Fluid compartment studies.
e. GI function. '
f. Excretory function,

g. Metabolism.

In-flight measurement of cardiac and certain hemodynamic and pulmonary functions
is provided. The means to obtain and preserve all necessary body fluids, solids, and
fractions thereof for ground analysis are included, The latter mode of data gathering
will be particularly pertinent to the study of blood chemistries and GI, excretory, and
metabolic functions.

7.2.3 CONCEPTUAL DESIGN. The conceptual design analysis for the biological and
biomedical laboratories consisted of examining each of the desired functional capabili-
ties (research tasks) and the type of data sample that would result from that fask.
Tables 7-2 through 7-5 are the worksheets used for this analysis. From these data, |
it was determined whether comparatively complex instrumentation would have to be
placed on board the laboratory to record the experimental data (e.g., electrophysi-
ology data samples), or whether minimal equipment could be placed ‘on board to collect
and preserve the sample, with later analysis performed on the ground (e.g., urine
samples). The size of the data sample was estimated, where appropriate, and the
need for special preservatives was identified, as was the type of storage required.
Finally, the crew time required for each task was estimated. This process identified
the required equipment for each laboratory. The equipment list for the Biomedical
Small Vertebrate and Cells & Tissues Carry-On Laboratory are presented in Tables

7-6 through 7-8.

Similar modular designs are proposed for the biological and biomedical laboratories.
The configuration would be modified to meet the requirements of a specific FPE by the
instaliation of appropriate kits. This modular design is illustrated in Figure 7-1, in-
cluding the dimensional envelope and functional relationship between the two modules,
the holding unit module (HUM) and the bioresearch support module (BRS).
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Table 7-2.

Function List and Technical Requirements, Biomedical
Research Carry-On Payload — Physiodynamics

FA— — FIPCTION DATA - SAMPLE
]
s A e
-!'Q‘* .\}ﬁ’ o '
& 7 G
& / - .\:":/” o
s - -l /
CARQIAS FUNCTION JI::':::::/
Y3 Cardisc Jutput X X 4 |
1614 Art=rial dlowd Pres-ure X X
3194 ¥attorcardiogran X } X s
3204 Fhonn/Vibrecardioeran i | b 5
321 Impeaanc: Car.diagraphy X ' X s
3240 Pulse #ave Yelocaly X S N
32354 f Pulas Wwave luontour X [ N
228y | Goretid Body duam. ewmomar Meas. | K W s
PLLMINARY FTUITION { :—
3304 Respiratory Vo, YA, v X X 1
3314 Respirutory Virray (eslstance X X N t ' | +
30 _| by Somplinse x x| ) | N ;
l GASTHOINT-STIV L FUNCTION ; 1 i f I I ;
3834 | Steol freservatsnn ; x ! £ 100 X a i
4124 : Feeal Mama/ Vet SelLert Measurem.nt | ! X ' ' ' X ! |1-_n.-_|q x | | 5 i
A1ia | Mineral Balance : T ) i j | X i E,m | _‘l x| i - !
i EXIETONE FLNITECN J ‘ ‘ 1 P . i LA ' 10 mea. 4’
*A06A t Urine, ML rnscopis wLoysis X f i 'y | ! { =0 |! | ! tor atl E
4073 ! Urine, Zhemscai tnalysia . J « [ ! ! x| ! |;a { ' E:S;\lprml
m | Miarsal #alance I x : | x I iw . " l x theouss |
4184 1 Urine Yolume i x i . : ‘! x E F"“" , TETA ;
4314 | Urine.cakciun ! | x U i . X : 5 X ! :
£330t i Urine, Huenprot:sains ! " X : ! f 5 ! | X 5 ' 4 X ! |
45%1 | Uraae, Pycraphosphiates : i X i : E i X o, J X IE '
156, . briawy Lideesseranies : 2 ' ! Y : n - I X ! f
4370 ) Urine, Tatal teunp sctis : i | I L l X jx o |
4584 | Uriane, ‘idosterane . Fox i | x !m [ |
amay Wpl-a, 100 : ! ¥ : : I X :50 X ! ] !
FT.1 MY Urine, 17-Hyirasycortl:conternids | LI i i ] fton | x !
4611 Urine, Ketastersids X l j X : II 00 | x| i
62 Grine, VMA X i X JACL F wo | ox :
4634 Urine, Metancchrinas 1 I X | we | x|
4648 | Urine, Catacliolamines X ¢ i1 o] ox
4654 Urine, Hidthminea X ! X | luo X
4664 | Urine, Scrotonin (S-HIsa) x ; X l'iog | x
4574 | Urine, sulfote Pox H X g 0 X
METARDLi- -TUOEES ! t ; . : ' -
ALIA | Mincral Boinmce x H x| x Ir:s ceq. X ' :
ile4 Urins Volume X X pra | kY
4194 Nitrogena Balance x X i0a X a
4208 Calaric Tntake 3 !
20 foter Censaumplira for Mun
aNoe Yumitus Coilection X X 3
30la Yemitus Pren, and storage H X =
302N dweat Sample Collection X X } 3 H
Ju3a sweat Pres. uml storage X L 5 i
LikA ir Sampiang X x X S ! 10
Mz Hicroblolosicul Sampling X | % X X X 1%
{
|
|
L _ N T R A L L
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Table 7-3. Function List and Technical Requirements, Biomedical

Research Carry-On Payload — Hemodynamics

ANALYSIS

FUNCTION DATA

g / ? s
e
Qﬁ‘ A A /.r \F‘?\", ;,:161,::
« W e o
& i
&° W N
RESEARCE FUNCTION i _“:" ERTERES b 2
54C |ALOGD ELYCTRULYTES b X x 3 |1i0m
354 | BLOOD pA, C0ns L) 4 X 3 rn"!
394 | THTROID FUNCTION Lo | x X X 1 | iea
CHOLESTEROL X 03] X X X 1 (B
CPK (Creatine Phosphokinan X I o.2{ X 4 x 1 ) 4
PRI {Protein Bound 12) X X oy | X I b4 1
400 RLOOD KOUPHOLOGY X X ldiw 3 i '
A0D[CELL CoiiT ' x £oTa | 0.3 s [/
GUA| CARBOIYDRATE ANALYSE (GLiC) x } o4} X b 4 4 3
B36B| GLIKXOSE, SERUM x } ol x b 4 ) 4 2
537C| PHOSPHATE, PLASMA x X EDTAf ©.5 | X b1 i 1] 1tm
b3oB| BILIAUGIN, PLASKA 1 DT 0.3 X 1 x 1 e
17| CHOLTSTEROL (Sce alme 30 x x x x x 2
Cf31A] BLOOD VREXL NITROGEN (BUX) } 4 X 0.3] X X x 3
§324] IRIC ACID x x o.z| x x X 1
) 74B] ENZYME AKALYSIS
koma|  sGor x x 6.2} X X X 3 x
kosa|  sGPT x x e.z2| x x x 3 z
k34 CPK (Sew also J9A) X b 4 0.2 X X 4 -] b 4
B3s LOB and LDR TSOEMZYHZ; x x o.4| X I x 3 x
38 ALKALINE FROSPHATASE X ) 4 6.2 4 ) 4 X 1 4
£24f RBC ENZYME MEASURFMENT x| x HEP | 0.5 x 1
tC | BLOOD TOTAL PROTEIN x ozl x % 2 | 1
758 AMING ACID ANALYSIS . x 0.3 I x 2 | fmam
779 PROTETN ASSAY b X o3| x X x 2
1] TMMUNDGLOBULING (See 177D)
74 | LIPID ANALYSES
LIPOPROTRIN ELECTROUPOOR, x x 0.3] X x x 3 i
TRYGLYCERIDES x x 0.2] % | I 3 i
CHOLESTEROL {Sea 4174) .
334 BLENDING TIME (IVI) x 3 | 2w i
3384 CLOTTING TIME (LEE F¥HITE) X 0.5 3 [ I
3424 PLASHA COAGULATION ] ’
PROTHROMBIN ¥iHE z X cIr| G6.3| I x 3 {
PARTIAL THROMBOPLASTIN TIME |, X 4 17| ©.2f X x 3 i
“'* QUANTITATIVE FIBRINCGE® x x e1r| o.5) x x 1 !
d
4204 SERUK ADH X b 4 o8 ¥ 4 X 1] 28 b
4304 17-MTIROTTIOTTICAYTTIOEN x 1 o5 x x g [ x :
4334 BLOOD DICARPONATE (Sea 354) ‘ :
4364 SERUM ACTH b ¢ X o5 =z X b 4 1 i
$374 THPA x X 0.4 X X X 1 x
s30{ misTanmeE x x 6.5 X x X 1 x
4394 LYMPHOCYTE KAROTYPING x| x EEP| 0.3 x 1
4404 TRANSFERRIN (TLIC) x| x crr| o.4 4 1
441} METHEHOGLODIN 2/ x gr| o. 3 1
443] COMPLEMINT TITRATION X x o.j 4 x 1
444] TSR DETEAMINATION X x c.3| X % 1 i
&4] DLOOD PARATHIROLD RORKORE x x o] x x x 1 | A
S BLODD GROFTH HORMGHE LGYIL 3 x o.6| x L r 1 :
471] BIRUN CALCITOMIN % | o3| % 3 x 1
heda| INSULIN ASBAY ) 3 X o.F 4 X 4 1 ‘
h4pL] CLUCARDT ASBAT  § 4 0.4 x X = 2
Lags| B-mYDROXTINOOLE {B-n1AA) 4 3 c.5 K | 4 ]
(ARZOTOHIN)
— [




Table 7~4, Function List and Technical Requirements, Biology

Carry-On Payload — Small Vertebrates

I
FUNCTION DATA 4» W-\LY.‘)'IS-‘]--— SAMPLY: ——-FQUIPMENT RUXTS . —a]
SF
‘\d‘
A At
65“‘?- o é_g-‘.?‘ <y
& RESEARCI FUNCTION < ("\;,/'FIIIL:Z.
34C |BLOQD ELECTROLYTES X x 0.3 | x x 5 :2::
354 |BLOO plly BCO,, PO, X X HEP [ 0.5 3 lrat
JOA[THYROID FUNCTION l.o ]l x x X 1 15:
CHOLESTEHOL X [ 4 X X 1 r::
CPX (Creatine Phoaphokinang) X X 0.2 X X X 1 X
PBI (PFrotein Bound Iz) x X 0.5 | X X X 1
- . -
100 [ DLOGD MORPHOLOGY X X 1draf 3 10m
40D|CELL COUNT X ' x EDTA| 0.3 3 [fret
GIA| CANBONYIHATE ANALYSIS (GLUC) X X 0.4 X X X 3
368) GLUCOSE, SERUM X X 0.2 x X X 3
8370 PItOSPHATE, PLASMA X X EDTA| 0.5 | X X X 1 | 1o,
39B| BILIRUBIN, PLASHA X x EDTA} 0.3 ) X X 4 1 |frat
FL7A{ CHOLESTEROL {Sce £lro 39A) X X X X 2
14| BLODD HEA NITHOGEN {BUN) X x 0.3 X x X 3
32af URIC ACTD X x 6.2 x 4 x 1
}740| ENZYME ANALYSIS 3w
084 SGOT x x 0.2} x x x 3 [fret x
hoga SGPT X X 0.2 x ) 4 X 3 . x
AETY CPK {See nlan 394} X X ¢.2) X X X 3 X
hasa) 1DH and LOH ISOFNZTHES x X c.4| X x x b X
[ 1819 ALKALINFE PHOSPHATASE b X 0.2 X X .4 M X
K424 HEC FNZYME MOASURFMENT x X ree | 0.5 X 1
B6C | BLOOD TOTAL PUOTEIN X X 0.2 X x X 2 150 ;
1750 AMINOG ACID ANALYSIS x X 0.3 x x x 2 | frat
177H PROTEEN AS AT X x 0,37 % X X 2
5i1] TMMUNOGLOBULINS (See 177B)
"HTA | LIPID ANALYSIS
LIPOPROTRTY FLFCTROPHOR. x 0.3 X X x 1
THYGLYCEHIDES X X Q.2 X X X 1
- CHOLESTEHOL (See 4174)
P33A BLEEDING TIME [IVY) X X . 3| 20m
[334% CLOTTING TIME {LEE WHITE) X X 0.5 3 J/rar
1424 PLASMA COAGULATION
PROTHROMBIN TIME X cIr| 0.3 X X
PARTIAL THROMBOPLASTIN TIKE , X X CIT 0.2 X 3
QUANTITATIVE FIBRINOGEN X CIT| 0.5 X X 1
1204 SERUM ADR x 0.5 X X 1| 25a X
4504 17-1TINNXTI0TT IR0 TN G X 1 0.5 x X x 1 [Fret X
4334 BLOOD RICARRONATE (See 334)
4364 SERUM ACTH X X 0.5 x X } 1 1
14374 TBPA X X 0.4 X X 1 X
4384 ATSTAMINE X x 0.5 X X 1 X
1384 LYMPINOCYTE KAROTYFING } 4 x NEP|[ 0.3 X 1
{4404 TRANSFERRIN (TIRC) X x CIT| 0.4 1
1414 HETHEMOGLODIN X 4 HEP| 0.2 1
€434 COMPLEMENT TUTRATION X X 0.5 x X X i
4a[ TSH DETERMINATION X x 0.3 x £ X 1 20m
%A DLOOD VARATIPYROID HONMONE b 4 X 0.4 X x X 1 | frat
GA| BLOON (HORTH ROIMONE LRVEL x X 0.4 X X X 1
L74] SFHUH CALCITONTX 'Y X 0.3 4 X X 1
1841 INSULIN ASSAT X X 0.6 X X X 1
SRl GLUCAGON ASSAT x X 0.4 X X X 1
E2oa] B-nTDROCY IS0 (B-HIAR) X I .8 x X 2
(HEROTONIN)




Table 7~5. Function List and Technical Requirements,
Cells /Tissues Carry-On Payload

t— COLLECT ION - STOIA T E s

(e = ————=————— FUNCTION DATA -»A.\'ALY.«‘*———A“-SAHPLE

6 Liquid Yolume Measuremcnts X X
29 A ¥ ass Measurements X X
f2'm Epcecimen Status Obsecvatin X X X X X
35 A pHy pCOc, p02 Measurement X X X X X X
7 hig¢roacopy, Gol. (Part of I2B) X X X X X X
4 A {rganism Subculturing X X X X
86 B'| Iacterial Celeny Counting X X
105D Facterial Cell Counting X X
1414 Alrparticulate Sanpling 4
1228 | Microljelagical Sampling X X X by
2368 Cells and Tigsues Population x x X X X X
Dennity
3724 Fupgal Gulturing X X X
BIOCKEMICAL STUDIES
1558 Phosphates x p 4 X X X
1568 Creatine and Creatinine ) 4 X X X
1748 Enzywe Assay
4084 SGET x X | ox ! 1
4094 SGIT X X X X X
£34A CPK X X X X X
4334 Lol x X X X X
Aldolage X X X X X
Carboxylase (Ribulese POQ) X X . X b 4
3384 Alkaline Phosphatase X X X X X
1758 Aming Acid Aesay X X X 4 X X X X X
17?8 Protein AsBAaY (3GC-Total Prot) X X X X X x X X X
1808 Flant Hormonea X X X X X
Protoporphyrins X X X X
Phyeoeyanin X X X X
336 Glucose X X b s X X X X
337 Phosphnte X X X X X k4 X X
34C Electrealytes (Na, X, Mg, Cl } X X X X X X X
340 Globulins X X X X
341 Iwnunoglobuling X X X x
4534 Calcinm X X X X X X
4344 Yucoprotelnae X X X X .
4554 yyrephosphated 'y X x x




Table 7-6. Carry-On Payload Equipment List, Biomedical Research

CARRY ON PAYLOAD EQUIPMENT LIST
BIOMEDRICAL RESEARCH

FI NO, EQULEMENT ITEM NAME QUANT,{ HUM* | BRs* Z‘;r " lrowER ;r?;' * OFII‘T':}:f LF NOTES
COMMON USE EQUIPMENT

Holding Unit Fnelosure only) 1 X 60 50 G.6
{5 Glove Box 1 X 25 30 1
[1H1Y) Cryosystern 1 X 19 100 0,5 X Cryobalh power supply

Cole-Parmer Instrument Co,
0778 Cryelreezer 1 X 3,5 0.5 X
050 Freezer, Genersl Pulpose 1 X 30 30 1.6 X
a3 Relrigerator 1 x 25 50 1.5 n
104 Kit, Hematulogy 1 X 10 0.5 X Vacutainers, slides, needles
110C Kit, Physiology 1 X 5 0.5 X Biopacks, electrodes, Xducers
042 Conteifuge, Micro 1 X 18 50 .5 X Beckman Spineo
118 Lyophilizer 1 X 3 0.4 X Use with space vacium,
FPE OR EXPERIMENT SPECIFIC EQUIPMENT
[ ECG Coupler 1 X 0,1 1 0, 001 X
076F Flowmeter, Water Manifold 1 X 0.1 1 0,001 X
143E Bluod Pressure Cuff 2 X 2,0 0.1 X
143G Coupier, Blood Pressure 2 X 0,2 2 0. 02 X
126B Microphone (zardiae) i X 0.1 0,001 X
126C Microphone Amplifier, Cardiac 1 X 0,1 10 (. 001 X
143F Cuff Pump, Blood Pressure 2 X 0.1 p.01 X
118 Log Books, Daily Record 3 X 3.0 0,05 X
ELECTROPUYSIOLOGY PACKAGE
065E Electrrphysiology Monitor i X 100 50 4.0
182J Coupler, Vectorcardiogram 1 X 01 1 v, 04
140 Coupler, Fhonn/Vibrocardiogram 1 X 0.2 1 0.0
1HE Couplex, Impedance Cardiogram 1 X 0.2 1 0.01
076K Flowmeter, Noppler Blovd Flow 1 X 1.0 1 0.1
0760 Flowmeter, Ultrasonie Bicod Flow 1 X 0.4 0.5
INTEGRATED SUPPORT PACKAGE - -
006 Afr Particie Sample Collector 1 X ] 0.3 X Mudified Anderson Sampler
110 Kit, Microhiology X 5 1.0 X
141 Plaatic Bag Dispenser/Sealer X 20 2.0
TOTALS (WT./PWR, /VOL.) | 334 400 |20

* Indicates Equipment Itom is either contained in the BRS {Bloresearch Support Module) or the HUM (Holding Unit Module).




Table 7-17.

CARHY ON PAYLOAD EQUIPMENT LIST
SMALL VERTEBRATES

Carry~On Payload List, Small Vertebrates

EI NO, EQUH’?‘IENT ITEM NAME QUANT,) TIUM* CR3* LWBT. PO\".’ER :g; OFI;I-;!;::LF NOTES
. "COMMON USE EQUIPMENT
103 tolding Unit (small vertebrates) 1 X 60 50 6,6
096 Glove Box 1 X 25 30 1
[ Cryosystem 1 X 19 100 0,5 X Cryobath power sapply
Cole-Parmer Instrument Co,
7B Cryoirrezer i X 5,5 0.5 X
080 .Fz:t.-ezer, General Purpose 1 40 0 1.6 X
083 Relvigerator 1 x 25 50 1.5 X
196 Kit, Hematology 1 10 0,5 X Vacutainers, slides, needles
110C Kit, Physiology 1 5 0.5 X Blopacks, elecirades, xducers
042 Centrituge, MicTo 1 X 18 50 0.5 X Beckman Spinco
110 Lyophilizer 1 X 3 0.4 X Use with space vaeum,
¥TE OR EXPERIMENT SPECIFIC EQUIPMENRT
030A Cage, Rat (Part of 103)
Feedex, Pellel Dispenser 8 X
Pads, Urine/Teces (Pkg. 16) 2 X
118D Manifold, Organism Watering 1 b 10 1,0
oo Flowmetor Coupler, Watrr Manifold 1 X 0,1 1 0,04
076F Flowmeter, Waiter Manifold 1 X 0,8 8 0,08
032 Camera, Cine 1 X B8 0.3 X
IRY] Camerz, Video, B&W 1 b3 10 15 0.1 X
064 ECGC Coupler 1 X 0.1 1 0,01 X
118 Kit, Organism Holding/Minage ment 1 20 1
1144 Kit, Microdissectlon 1 1 0.1 X
1344 Patchloard System (part of Data Mgmt) 1 3 0.4
126G Monitor, Video 1 X 20 50 ‘1 X
143E Pressurc Cuff and Transducer ] X 0.5 0, 005 X
143G Coupler, Blood FPressure 1 X 0,1 1 0,001 X
1B8G Timer, Event 1 X 0,b 1 0,01 X
126B Microphone 1 X 0,1 0,001 x
126C Micraphone Amplifier 1 X 6.1 10 0.01 X
Smal} Verlebrate Environmental Control and A7 55 71
Lile Support Sysiem X L
TOTAL WT., POWER, AND VOLUME 322 462 19.6

findicates Equipment Item is either contained in the BRS (Bioresearch Support Module) or the HIUM (lolding Unit Module),
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Table 7-8. Carry-On Equipment List, Cells and Tissues (Mammals, vertebrates, and Plants)

CARRY ON PAYLOAD EQUTPMENT LIST

CELLS AND TISSUES

Mammaliar, Invevichrate and Plaut)

EI KO, EQUIPMENT ITEM NAME QUANT,|] HUM* BR3* ::;T. POWER IY'?;“ OFI;I-_:!;f: LF NOTES
COMMON USE EQUIPMENT
0984 Holding Unit {Cellz/Tissues) 1 X 60 50 6.6
086 Glove Box 1 25 30 1
056 Cryosystem 1 X 19 100 0.5 X Cryobath power supply
Cole-Parmer Instrumeni Co,
0778 Cryoireczer 1 X 5.5 0.5 X
080 Freezer, Geneval Purpose 1 X 30 50 1.6 X
083 Refrigerator 1 X 25 50 1.5 X
106 Kit, Hematolopy 1 X 10 0.5 X Vacutainers, Slides, Needlea
110C Kit, Physinlogy 1 X 5 0,5 X Biopacks, clectrodes, xducers
042 Centrifuze, Micre 1 X 18 50 0.5 X Beckman Spineo
118 Lyophilizer 1 X 3 0.4 X Use with space vacuum,
FPE OR EXPERIMENT SPECIFIC EQUIPMENT
114A Kit, Microudissection 1 X 10 1 X Small toois
032 Camera, Cine 1 X B 0,03 X
052 Counter, Cell 1 X 20 40 2,0 X Madified Coultet Counter
054 Counter, Colony, Manual 1 X 4 40 0.2 X Mcadified Quebec Counter
108 Kit, Histology 1 X 5 1.0 X
111 Kit, Plant Tools 1 X 1.¢ 0.1 X
122 Mass Measurements, Micro 1 X 10 15 0.5
124 Media, Prepared, Assorted (pkg.} 1 X 10 0.5 X Culture mediz
126A Micruscope, Dissecting 1 10 30 0.5 X
165 Sterilizer, Small Tool 1 2 100 0.1 X Bacteclnerator
001 - Accelerometer 1 X 0,001 0.2 1 0.001 X
001A Coupler, Accelervmeter 1 X 2,0 10 0,001 X
' INTEGRATED SUPPORT PACKAGE .
110 Afr Particle Bample Collector 1 X ] 0,03 X Modified Andexrson Sampler,
141 Plastic Bag Dispenser/Sealex 1 X 20 2,0
Cellc and Tissues Environmental C_ontrol and Life 1 X TBD TBD | TBD
an _Support System
TOTALS (WT, /PWR, /VYOL,) 314 ; 585 ju2,5

*ndicates Equipment Item is either contained in the BRS (Bforesearch Support Module) or the HUM {Holding Unit Madule),




HOLDING UNIT MODULE WITH
SMALL VERTEBRATE KIT INSTALLED -

MODULE KITS

BIOMEDICAL KIT

0.76 m (30 IN.})
’ INSTALLED

0.61m (24 IN.}

PLANT RESEARCH KIT
INSTALLED

CELLS/TISSUES KIT
INSTALLED

BIORESEARCH SUPPORT
MODULE

Figure 7-1. Conceptual Carry-On Laboratory, Biology and Biomedicine

The HUM is designed to accommodate the FPE~specific kits. For the bhiological FPEs,
these would contain the living organisms on which a variety of experiments would be
performed. For the biomedical FPEs, additional instrumentation for obtaining bio-
medical measurements on man would be included. The HUM also contains some of the
common-use and experiment specific equipment, and interfaces with a collapsible
glove box to minimize contamination of the crew compartment and the experiments.

The Bioresearch Support Module contains the majority of the equipment required to
collect and preserve the test specimens and experimental data.

7.3 MAN-SYSTEMS INTEGRATION (MSI} CARRY-ON LABORATORY

The conceptual design of the MSI Carry~On Laboratory for Man-System Integration was
based on a slightly different approach, as discussed below.

7.3.1 RESEARCH AREA OF INTEREST. Carry-on laboratories on the early shuttle
flights, while of little use in behavorial investigations due to limited mission durations,
could generate considerable useful data on man's ability to perform tasks of potential
application on current and future manned space systems. Some of the research areas
of interest are the effects of weightlessness on man's cargo-handling capabilities (mass
limits, techniques), maintenance and repair capabilities {(component replacement, on-
gite repair), and assembly and deployment capabilities. Other research areas are the
impact on these skills of pressure-suit constraints (limited reach and mobility, sujt
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torques), EVA environmenta; effects (harsh lighting, vacuum), task completion via
teleoperators, and the possible synergistic effects of these constraints.

For the current study, NASA directed research in the maintenance and repair category.
Of particular importance will be visual records of the experimental tasks for error
analysis, task time determinations, documentation of zero-g techniques, and compari-
gon with ground-based simulations.

7.3.2 CONCEPTUAL DESIGN. The design analysis for the MSI Carry-on Laboratory
was based on a list of typical experiments provided by NASA. The list was expanded

as the result of a brief literature search to ensure that a representative sample was
used as the basis for equipment selection. Each experiment was analyzed, and the fimc-
tions were identified from the Life Sciences Functions Inventory that were required to
perform the experiment. The requirement for these functions was rated on a three-step
scale from maximal to minimal, The equipment required by these functions was identi-
fied and similarly rated. Figure 7-2 lists these typical experiments in the maintenance
and repair category juxtaposed with their required research functions and equipment
items. The commonality of some of the equipment items across the list of typical
experiments can be easily seen, This procedure identified the equipment required on
most of the maintenance and repair experiments. These items compose the carry=on
module designated the Maintenance Common Module. Equipment that was more experi-
ment-specific was placed in the Simulator Module.

Figure 7-3 illustrates the conceptual design of the Maintenance and Repair Research
Laboratory. The Simulator Module consists of an experiment(s) specific test bed (task
simulator) and its supporting equipment. The Maintenance Test Bed would be the criti-
cal component for each series of selected experiments. It could contain, for example,

a series of representative fluid control valves to which access is limited by various
sizes of apertures, or a series of black boxes (electronic components) designed to func-
tion in various degraded modes as required by the experiment, and which require
selected techniques for their removal and replacement or on-the-spot repair. The Main~-
tenance Support Component would contain experiment-specific support equipment, For
example, this would include the required spare components in a component removal and
replacement study, or the special adhesives, lubricants, and unique support tools in an
adhesive and lubricant applications study.

The Maintenance Common Module contains equipment items that will remain relatively
wmchanged regardless of the nature of the experiment. It consists of three primary
components: :

a. The audio-visual component containing cameras, film cassettes, and floodlights
for visual records, and microphones and tape recorders for audio records.

b. The physiological analysis component containing the instrumentation to monitor
subject energy expenditure.
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Figure 7-2. Functional and Equipment Requirements for Typical Maintenance Experiments



0.86 m (34 IN.)—-———\\ c. The basic tool kits that support mainte-
nance and repair activities. Primarily,

\ \ these include a general-purpose tool kit

cosoo and a maintenance-specific tool kit.
0.66 m (26 IN.) PHYSIOLOGICAL MAINT.
AuDIo  ANALYSIS KIT . ]
VISUAL  COMPONENT — | Depending on the nature of the specific
L]
5 COMPONENT e Maintenance Test Bed and supporting spares,
0.61m (24 \l:n.: e 2 1 test equipment, and tools, a number of

maintenance experiments could be performed
on any given mission, In addition, the com-
mon nature of the Maintenance Common Pack-
age would allow experiments from several
classes of MSI experiments to be conducted

MAINTENANCE COMMON MODULE

0.76 m (30 1N.} on one mission, As an example, experiments
g*l‘,“P'.',“JgT MAINTENANCE could be conducted in both the Maintenance
COMPONENT T P MULATOR) and Repair and Cargo Handling categories.

0.61m {24 IN.] i — The Simulator Module could be so designed
A that its components serve as test masses of
|-———D-91 ™ {36 'N-lgﬁ" various sizes for cargo handling experiments
SIMULATOR MODULE (EXPERIMENTS SPECIFIC) after the maintenance experiments are com-
pleted, The Maintenance Common Package
Figure 7-3. Conceptual MSI Carry-on could provide the necessary instrumenta-
Laboratory, Maintenance tion.

and Repair Research

7.4 LIFE SUPPORT/PROTECTIVE SYSTEMS (1LS/PS) CARRY~-ON LABORATORY.
The conceptual design of the LS/PS Carry-on Laboratory was a modification of an
existing design, as discussed in the following paragraphs.

7.4.1 RESEARCH AREA OF INTEREST, A NASA program has been underway since
1967 to study the effects of reduced gravity on the performance of life-support system
components, This program, Gravity Sensitivity Assessment Criteria Study (NASA
CR-66945), initially developed analytical models to predict low-gravity performance
phenomena, and has now begun the design of test units for actual zero-g testing.

The experiment system concept illustrated in Figure 7-4 is a full-scale experiment test
system that could be part of a space laboratory. Its basic configuration consists of two
modules - one to control the experiment test parameters, and the other to contain the
component or unit being tested,

The conceptual designs allow for testing various components with the same experiment
test system, The areas of interest that could be investigated include:

a. Nucleate boiling.

b. Diffusion convection.
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€. Film stability and transport.
d. Inertial separation.

€. Convection heat transport,

f. Flow regime characteristics.

The task in the LS/PS area was to determine if this existing conceptual design could be
modified to be compatible with the Carry-on Laboratory requirements and constraints.

7.4,2 CONCEPTUAL DESIGN. The experiment test system concept shown in Figure
7-4 was reduced in size and capability for the Carry-on Laboratories. Figure 7-5, the
Experiment Control Console, provides display and control functions for:

a, Liquid/gas flow rates.

b. Operating pressures.’'

c. Motor/pump(s) speed.

d. Sensor(s) operating mode(s).

e, Time code and event parameters.

f. Operating temperatures.

0.6lm
24 IN.}
0.86 m :
(34 IN,)
<4§§;§§2?‘” ~\L\\ EXPERIMENT
;/(2/ 0.30m (12 1IN~ > MODULE
g < BERIMENT
CONTROL

. CONSOLE
Figure 7-4, LS/PS Experiment

System Figure 7-5, Conceptual LS/PS Carry-
On Laboratory

The Experiment Module Provides experiment support functions for:

a, Liguid/gas supply.
b. Transport.

¢, Quality control.
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d. Storage.
e. Thermal Control
f. Metering.

g. Mixed phase flow engines.

The reduced LS/PS Carry-on Laboratory approximately meets the NASA constraints,

as discussed in the following section,

7.5 SUMMARY OF THE CARRY~-ON LABORATORY

As Table 7-9 indicates, the key design parameters of the Carry-on Laboratories,
weight, power, and volume, are in most cases within the tentative NASA constraints.

Table 7-9. Carry-On Laboratory Data Summary

. NO. OF WEIGHT POWER VQLUME
FPE PACKAGES | kg {LB.) (WATTS) | m3 CU.FT.
MEDICAL RESEARCH 2 152 400 0. 566
(334) (20)
VERTEBRATE RESEARCH 2 150 462 0. 555
1332) {19, 6}
CELLS & TISSUES RESEARCH 2 142 565 0,637
(314) {22, 5)
PLANT RESFARCH TBD 18D TBD TBD
INVERTEBRATE RESEARCH TBD TBD TBD TBD
LIFE SUPPORT & PROTECTIVE SYSTEMS 2 159 725 0.637
(350) (22.5)
MAN-SYSTEM INTEGRATION 2 136 433 0, 557
{300) {19.7)

The volumes are less than the 0, 85 m3 (30 cu. ft.) constraint and the peak powers, with
the exception of life support and protective systems and probably the plant research
laboratory, are close to the 500 watt constraint. With a ten percent addition for rack

weight, the heaviest laboratory is approximately 175 kg (385 1b). Although not considered
in the current study, the plant and invertebrate research laboratories probably fall very
close to the tentative constraints as well, since they use must of the same equipment as

the other biological laboratories.
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| SECTION 8
LABORATORY SCHEDULE AND COST ESTIMATING STUDIES

This gection presents the results of the laboratory scheduling and costing activities.

It includes discussions of the laboratory development schedules, their basis, and their
compatibility with the general mission model. I also includes a discussion of the cost
analysis approach, the resulting equipment cost estimates, and the resulting laboratory
funding schedules (cost distributions).

Most of the material discussed here is based on independent laboratory development;
that is, one laboratory (the Shared 7-Day, the Dedicated 7-Day, or the Dedicated 30-
Day) will be selected for development — not all three. Evolutionary development of the
laboratory — that is, the development and use of the Shared Laboratory for some initial
time period followed by the use of the Dedicated (7-Day) Laboratory, and finally the use
of the Dedicated {30-Day) Laboratory, with a corresponding reduction in the develop-
ment costs of the latter two, is highly probable, however. To estimate laboratory costs
for this evolutionary concept, it was necessary to assume a growth model, as discussed
in paragraph 8.2. 3.

8.1 LABORATORY DEVELOPMENT SCHEDULES

Laboratory development is paced by the development of the equipment units {EU) within
each laboratory, which in turn is paced by the development of each equipment item (EI
within each EU. The development time for each EI has been estimated by Convair Aero-
. space technical specialists and/or outside consultants, based on the complexity of the

EI and the difficulty of its manufacture. The development time for each EU was assumed
to be the same as the longest development time of any of its component Els,

To use the same assumption at the payload level — that is, payload development time
would be the same as the longest EU development time — is not acceptable for several
reasons, First, it is desirable to minimize annual funding peaks. Assuming all EUs
will be developed within the development time span of the longest EU would create un-
necessarily high funding peaks that could be reduced considerably by a staggered devel~
opment schedule. Second, it is desirable to initiate development of the more complex
EUs first to provide time for solving unanticipated technical problems without impact-
ing the laboratory development schedule, This would not be the case if all the EUs
were being developed at the same time.
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To define an appropriate development schedule, it was necessary to establish EU de~
velopment priorities, These priorities are based on the following assumptions:

a. [EUs containing high development risk (pacing) equipment will be initiated at an
early date (e.g., holding units)., Pacing equipment are those items that closely
interface with, and are configuration drivers for, a number of other equipment
items,

b. Common use (CORE)} EUs have a high development priority with the exception of
the maintenance and storage units. The latter units are easily constructed and do
not require early development,

¢. Support EUs will be initiated only after their key EUs are well defined (development
50 percent complete). The key EUs are the basic holding and FPE measurement
units, such as EU 40 (Small Vertebrate Holding Unit) and EU 91 (MSI Measurements
Unit)., Their support EUs — EU 42 (Vertebrate Research Support Unit) and EU 12
(Biomedical /Behavioral Research Support Unit), respectively — contain the equip-
ment necessary to support the primary holding and measurement functions,

d. EUs whose configuration might be altered by the Skylab experimental results will
be delayed until those results have received sufficient analysis to indicate con-
figuration impact.

A representative equipment unit development schedule based on the foregoing assump-
tions is illustrated in Figure 8-1. Two years are provided between completion of the

YEARS BEFORE FLIGHT DATE

[+ ]

EU TITLE

-J

=2}
p——

L]

w
—t
N

1 ViSUAL RECORDS & MICRO _

2 DATA MANAGEMENT S

3 L1FE SCIENCE EXPT, SUPPORT L]
4 PREP., PRES. & RETRIEVAL . et m—
5

6

BIOCHEM. & BIOPHYSIC. ANAL,

MAINT, REPAIR & FAB.

7 ANCILLARY STORAGE

11 | AIRLOCK/EVA CAPABILITY

12 | BIOMED./MSI RES. SUPPORT
25 | RADIOBIOLOGY

31 |BIOMEDICAL MEASUREMENTS

——————
————
e
S ————
]
40 | SMALL VERTEBRATE HOLDING . ]
E—
S
——
————
. —————
——
——

41 | PRIMATE HOLDING

42 | VERT. RESEARCH SUPPORT
G0 { PLANT HOLDING

51 | PLANT RESEARCH SUPPORT
60 | CELL & TISSUE HOLDING

61 | C&T RESEARCH SUPPORT
70 | INVERTEBRATE HOLDING
80 | LIFE SUFPORT & PROTECT.
91 | MSI MEASUREMENT

93 IMOBILITY

Figure 8-1. Sample EU Development Schedule 7-Day Laboratory
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equipment units and the flight date to allow for principal investigator familiarization,
baseline testing, etec. This schedule is compatible with the typical mission model pre-
sented in Figure 8-2. I the development of the first EUs is initiated in July 1973, the
laboratory equipment would be available in time for a mid-1980 launch date.

8.2 COST ANALYSIS

An overview of the cost analysis approach is illustrated in Figure 8-3. As a starting
point in the cost analysis, the EI costs developed during Task A and B were reviewed
and updated with the most recent cost information available. The costs of the approxi-
mate 200 EIs were first listed ih order from highest to lowest cost to determine the
high poles and questionable estimates, With the EI costs so identified, the updating was
concentrated on these areas. Secondly, the cost disiribution data were calculated for
each EI, EU, and laboratory based on the NASA idealized cost distribution guidelines
{see paragraph 8. 2. 2). These cost distributions (funding schedules) were plotted as
funding rate curves and cumulative cost curves. The third step involved the estimate
of the laboratory specific subsystem costs for the organism ECS. The final step in-
volved the combining of the EU cost distributions and organism ECS costs with certain
integration, maintenance, and spare cost factors., The sum of these three major ele-
ments was the total laboratory funding requirements.

TYPICAL MISSION MODEL
CALENDAR YEAR

73 74 7% 76 77 78 79 80 81 82 83 B84

COMPLETE SKYLAB A
APOLLO-50YUZ (ASTP) A

CARRY-ON

7.DAY LABS A T

30-DAY LAB

TYPICAL LABORATORY DEVELOPMENT SCHEDULE

FLIGHT DATE {YEARS}

2 -6 -B 4 3 2 K u]1[2[3|4
HOLDING UNITS v
(EU-30.50-60-70)
CORE UNITS
{EU-45-1)
CORE UNITS
{EU-2-3-8-7}
FPE SPECIFIC T - PROGRAM
{EU-12-26-31-91-93)
FPE SPECIFIC 4 —_
(EL-11-80)

INFLIGHT

RESEARCH

INTEGRATION b — i = = — - ——t — |}

Figure 8-2. Life Sciences Laboratory Guideline Schedules
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8.2.1 REVIEW OF TASK A AND B COST ESTIMATING APPROACH, The laboratory
funding schedules were based on the EI cost estimates from Task A and B. Therefore,
a review of this cost estimating approach is necessary to fully understand how the sche~

dules were developed.

During Task A and B, an estimate of the development and unit costs for each of the 382
ElIs in the equipment inventery was made by Convair Aerospace costing and technical
specialists. These estimates were based on quotes from manufacturers and vendors,
commercial catalog listings, and in-house sources, The specialists were guided by
their knowledge of the extensive analysis and testing required by NASA specifications
before a piece of experimental hardware could be considered flight qualified. (An ex-
ample of these specifications is the Experiment General Specification for Hardware
Development issued by the Office of Manned Space Flight for the Apollo Applications

Program in 1969. Its purpose is to provide guidelines for the development of experi-
ment hardware at minimum cost within the constraints of crew safety and mission
success.) Average cost factoers were calculated that related average development cost
to unit cost and average unit cost to commercial cost. These were used as guidelines
in developing later cost estimates and to double check existing estimates. In this way,
extreme values were identified for review.

TASK A& B £l
COST ESTIMATES
® DEVELOPMENT | weoaTEEI
* UNIT | cOST ESTIMATES
* DEVELOPMENT
e UNIT
NASA IDEALIZED : DEVELOP
COST DISTRIBUTIONS " SUBSYSTEM
- COSTS
o COST RATE CURVES jcumuLATIVE COSTCURVES
* CUMULATIVE COST | FUNDING RATE CURVES » LABORATORY
FQUATIONS SPECIFIC
ol  DEVELOP FUNDING
SCHEDULES

# E| COST DISTRIBUTIONS
*1 ¢ £U COST DISTRIBUTIONS
® LABORATORY COST

DISTRIBUTIONS e
COMVAIR/AEROSPACE
COST STUDIES [
] # LABORATORY INTEGRATION|
o LAB MAINT. & REFURBISH. h 4 L 4
# EQUIPMENT SPARES TOTAL
LABORATORY
v FUNDING
REQUIREMENTS
5
o . .
¥ 4 Figure 8-3. Cost Analyses Overview
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The EI cost estimates were verified against historical data by a parametric analysis.
The parameter used as the basis for the comparative analysis was equipment weight,
which has been shown to be highly correlated with equipment cost. Each EU was grouped
into one of ten categories by type of equipment on the expectation that items within each
group would exhibit similar cost trends. A least-squares regression line was calculated
for all of the equipment in selected categories and compared with historical data for the
same category, This comparison provided a measure of the validity of our cost esti-
mating approach. As an example, the regression line for the generic electronic/
electrical category is plotted in Figure 8-4. This category contains the largest EI

group in the Life Sciences inventory. Also drawn on the graph are curves represent=-
_ing historical spacecraft, aircraft, and commercial ground equipment costs for this
category of equipment, The Life Sciences Laboratory equipment costs fall below space-
craft equipment costs by a factor of two and above aircraft costs by a similar factor,
This indicates that the Task A and B cost estimating approach was reasonable.

8.2.2 CALCULATION OF FUNDING SCHEDULES, Equipment development and unit
costs were updated at the beginning of this study phase where current cost information
was available, These updated costs are tabulated by EU in Volume III, Appendix I and
an example of thoge tables is shown in Table 8-1, These estimates were used to calcu~
late EU and laboratory funding schedules (cost distributions). The cost distribution of

400 |-
B SPACECRAFT
2001 //
0 LIFE SCIENCES
100 LABORATORY
: EQUI PMENT
60 -
40
UNIT COST, K$ AIRCRAFT
201
10
o COMMERCIAL
6L GROUND
L EQUIPMENT
ab
2L
1 Lol e 11 aril N N
1 2 34 6 810 20 40 60 100 200 400 600

WEIGHT, POUNDS

Figure 8-4. Sample Results of EI Cost Verification —
Regression Lines for Electronic/Electrical Els
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Table 8- 1-

Example of Summary Cost Table EU 4 — Preparation,
Preservation and Retrieval Unit

EQUIPMENT IDENTIFICATION | DEVELOPMENT| SHARED SORTIE (7 DAYS) | DEDICATED SORTIE (7 DAYS) || DEDICATED SORTIE (30 DAYS) | SO MER-
Time Dev, Unit No. Total Dev, Unit No. | Total Dev. Uit No. { Total ClAL
o Title Type (rra) fCost $K | Cost kK | Req. | Cast 3k ] cost Cost $%| Req. | cost $x || cost $x | cost $k | Req. | Cost gk COSTS
14 | ANESTHETZR INVERT - Remfg 1 35 5 1 40 35 5 4 55 35 5 10 85
18 | BENCH, LAM FIO SRT 2 2000 25 1 2025 2000 25 1 2025 2000 25 1 {2025 1600.00
1BA | BENCH LINERS, LFB SRT 2 100 1 10 110 100 1 10 114 100 1 40 140
18B | BENCH INSERT - RADIOC SRT 2 ] 1 6 6 1 G 6 1 i
41 | CENTRIF FRIC HI 8PD Repack p 0 0 o 0 175 25 1 200 3100. 00
42 | CENTRIF MICRO Repack 2 75 5 1 80 75 5 1 80 5 5 1 80 200. 00
" 44 | CHEMICALS Redesign | 1 100 10 1 110 100 10 1 110 100 10 3 130 1000. 00
44A [ CHEMICALS - RADIOACTIVE Minimal 0 0 10 1 10 0 10 1 10 0 10 3 20 1000, 00
48 | CLEANR, VACUUM Redesimn | 3 200 50 1 250 200 50 1 250 200 564 1 250 300.00
63G | DEIOMIZER PURE WATER Redesign | 3 0 0 100 15 1 115 100 15 1 115 173,00
70 [ ELECTROPHRSIS APPAR Repack 1 0 0 0 0 50 5 1 55 887.00
77B | FREZR, CRYO Redesten | 3 0 0 500 25 1 525 500 25 2 550 2500, 00
80 | FREZR, GEN Redesign | 2 50 5 1 55 50 5 1 55 50 5 1 55 235, 00
3 FREEZ, LO TEMP Redesign | 2 0 0 0 0 200 10 1 210 1675. 00
83 | FRIG Redesign | 2 50 5 1 55 50 5 1 55 50 5 1 55 235.00
97A | HEMATOCRT, ELECTRNIC Remfg 1 0 o 40 5 1 45 40 5 1 45 268. 00
106 { KIT - BENCH CHEM ANAL Repack 2 100 19 1 11p 100 10 1 110 100 10 1 110 300.00
106 | XIT - HEMATOLOGY Remfg 1 7 1 1 8 7 1 1 8 7 1 1 B 75.00
108 " | xaT, HIST Remfg 2 20 3 1 23 20 3 1 23 20 3 1 23 150. 00
10 | xx¥, MicRoOBIOLOGY Remig 1 10 5 1 15 40 5 1 45 40 5 1 45 50.00
1144 | ¥XTT, MICRODISSECTION Romig 2 - 40 5 1 45 40 5 1 45 40 5 1 45 75.00
18 | Lypmizr Redesign | 2 200 20 1 220 200 20 1 220 200 20 1 220 1400. 00
121 | MAs8 MEAS, MACRO Minimal 1 20 10 1 30 20 10 1 30 20 10 1 30 760. 00
132 | MASS MEAS, MICRO Redesign | 3 2000 20 1 2020 2000 20 1 2020 2000 20 ‘17 | 2020 980, DO
126A | MIGRSCP, DISECTNG Minimal 1 10 5 1 15 10 5 1 15 10 5 1 15 900. 00
123 | MILLIPORE FLT APPRTS Minimal | 0 0 3 1 1 4 3 1 1 4 50. 00
143D | PURGE SYS, CAT BURKN Remfg 2 100 20 1 120 100 20 1 120 100 20 1 120 2000. 00
159 | STAIN SYS, BACTERLGCL Redesign | 4 Q a 400 20 1 420 400 20 1 420 1500. 00
17 | TEMP BLOCK Minimal 1 5 1 3 a B 1 3 8 5 1 3 8 100,00
186 | VOLUMTRC MEAS, LIQ Redesign | 2 0 [ 50 5 1 55 50 5 1 55
TOTAL COST ESTIMATES 5152 233 5385 6245 319 6614 6670 484 7184




each of the Els was calculated first, followed by the EU cost distributions, and finally
the laboratory cost distributions. A cost model was developed to do this, and the basis
for that model was the NASA idealized cost distribution curves, Figure 8-5, taken from
the cost planning guidelines section of the study contract RFP.

These curves indicate typical expenditure rates for the development of NASA hardware,
Some of the Els in the Life Sciences Laboratories will follow each of these cost rate
curves; i.e., to develop some of the equipment will required spending funds at a high
rate early in the development period, while the development of other equipment will
require spending at a high rate late in the period. Development of individualized cost
rate curves for each of the EIs was beyond the scope of the present task. Since we were
working with a large number of EUs (= 200), we assumed that the average cost rate
curve would exhibit the statistical ceutral tendency and be best represented by curve 3
shown in Figure 8-5. Curve 3 then was the basis for our cost models. Its equation is:

2
Y = 3084 - 6033 +30s

where Y, funding rate, is the fraction of cost/time and s is fraction of time elapsed.
The corresponding cumulative cost equation (the area under curve 3) is:

4 3
C= 655 ~ 155 + 10s

where C, cumulative cost, is the fraction of cost consumed.

— / k <ﬂ N\
Lo 1 y/?// // \\Q\\\
Z/a - \\Ex

00'.0 0.1 0.2 0.3 0,4 0.5 0.6 0,7 0.8 0.9 10
FRACTION OF TIME ELAPSED

Figure 8-5. NASA Idealized Cost Distribution Curves
‘Cost Rate Curves
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8.2,2,1 EI Cost Distributions. EIcost distributions were obtained by calculating a

development cost distribution and a production (unit) cost distribution using these equa-
tions, the updated development and unit costs, the development time estimates for each
equipment ifem, and the development-production phase assumptions shown in Table 8-2,

Table 8~2, EI Development-Production Phase Assumptions

EI Development Spread of the Cost Distribution
Time Estimate Development Phase Production Phase
(vr) (vr) {(yr)
1 0,00to 0,75 0.50 to 1,00
2 0,00to 1.50 1,25 t0 2,00
3 ¢.00to 2,25 2.00 to 3.00
4 ¢,00to 3,00 2,75 10 4,00

These development and production cost distributions were combined to obtain the cost
distribution for each equipment item,

8.2.2,2 EU Cost Distributions. EU cost distributions were calculated by combining
appropriate EI distributions, These were combined so that all EIs would be completed
at the same time. This is consistent with the assumption that the 4-year Els are the
most complex and should be initiated first, followed by the 3-year Els, etc,

The resulting cost distribution curves at the equipment unit level are of two types: a
funding rate curve in millions of dollars per year and a cumulative funding curve in
millions of dollars. Figure 8-6 is an example of these curves for Equipment Unit 1 —
Visual Records and Microscopy Unit, Dedicated (30-Day) Laboratory. . Each curve
illustrates development (i.e., design, development, test and evaluation) and production
data. Development, production and total annual costs are listed in tabular form under
the funding rate curve, and similar cumulative costs are tabulated under the cumulative
cost curve,

Funding rate, cumulative cost, and annual cost data for each EU in each payload are
tabulated in Volume III, Appendix III.

8.2.2,3 Laboratory Cost Distributions. Laboratory cost distributions were calculated
by combining the EU distributions according to the EU development schedule discussed
in Section 8.1, Figure 8-7 illustrates these distributions for the Dedicated {30-Day)
Laboratory. The format is the same as the EU format. Annual funding requirements
in millions of dollars are shown under the left-hand set of curves, and cumulative fund-
ing requirements in millions of dollars are tabulated under the right-hand set of curves,
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Funding rate, cumulative cost, and annual cost data for each laboratory are tabulated
in Volume III, Appendix Il

8,2.3 TOTAL LABORATORY COST ESTIMATES, The research equipment cosgts with-
in each laboratory are only a part to the total cost. Additional costs were also deter-
mined to estimate the total laboratory funding requirements, These costs include the
organism EC/LSS costs, which are specific to the Life Sciences Laboratories, and the
following costs, which are determined using methodology from previous Convair Aero-
space cost studies:

a, Laboratory Integration — Includes equipment interface hardware, integrated soft-
ware, and integrated testing, and was estimated to be 50 percent of total equipment
cost.

b. Laboratory Maintenance and Refurbishment — Estimated to be 50 percent of total
equipment cost for a nominal 10 year program duration.

¢. Equipment Spares — Estimated to be 200 percent of the equipment unit costs for a
nominal 10-year program based on 50 percent of unit cost for initial spares and 15
percent of unit cost per year therafter,

The costs for the sortie module and baseline subsysitems, launch operations, flight
operations, ground support equipment, and ground-based mission support facilities
were not estimated in this study.

The total funding required to develop each laboratory independently and use it for a
nominal 10-year program is indicated in Table 8-3, Since the more probable case will
be an evolutionary laboratory development, where the Shared 7-Day Laboratory is
developed first and used early in the program, followed by the Dedicated 7-Day Labora-
tory, and finally the Dedicated 30-Day Laboratory, a program model was assumed to
allow the estimation of an evolutionary laboratory development cost, also shown in Fig-
ure 8-7. The indicated mission duration was assumed for each of the laboratories as
well as a savings of approximately 50 percent in the cost of integration and spares for
the two dedicated laboratories because of prior development on the preceding laboratory.

Table 8-3. Cost Summary ($M)

T LAHDRATORIES ]
£OST ELEMENT SHARED DEDICATED DEDICATED
. {7-DAY) i7-DAY) (30-DAYY |

RESEARCH EQUIPMENT:

DEVELOPMENT 21.8 291 2.5
PRODUCTION 21 42 a8

ORGANISM ECS 4.8 [ b3
LABORATORY INTEGRATIOM 14.4 19.8 21,8
LAB MAINTENANCE & REFURB | SHMERT 4.4 19.8 2.8
EQUIPMENT SPARES 4.2 84 5.6

INDEPENDENT LABORATORY DEVELOPMENT 6.7 8.6 .8

BASED ON MISSION D_UR_AIH)N I‘rE-M-i_SI 1 2 7
EVOLUTIONARY LAEGRATORY DEVELOPMENT:
ACHSTS 4.9 2.4 3.4
CUM COSTS 5.9 73.3 [
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SECTION 9
EXPANSION OF COMPUTER PROGRAM CAPABILITIES

The current Life Sciences Payload Definition (LSPD) computer program is capable of
defining the necessary research equipment for a variety of payloads. These payloads
range from shared shuttle-sortie missions of seven days to permanent dedicated Life
Sciences Laboratories attached to earth-orbiting space stations. While the current
program has a notable degree of flexibility, its scope, flexibility, and usable output
could be significantly expanded with some additional effort, The modified program
would be a highly versatile tool in the planning of Life Sciences payloads, from the
small carry-on variety to the largest laboratories.

Before the proposed modified program is discussed, a review of current program
capabilities is appropriate. This will be followed by a critique of its usefulness based
on the experience gained by Convair Aerospace in applying the program during the
initial ISPD program and the integration effort just completed. Finally, the recom-
mended changes to the program and its inventories will be discussed.

9.1 CURRENT CAPABILITIES

The current program and its inventories allow the user to select the functional capa-
bility that he desires for a given payload and the method that he desires to use to ac-
complish that function. As an output, he receives the following information:

a. A description of each selected function. This includes an estimate of the function's
criticality (i.e., how important-the function is to the accomplishment of the
mission); the user FPE (functional program element; what discipline is required
by that function — invertebrate research, biomedical research); the general classi-
fication of the function (e.g., experiment measurements and analysis, specimen
maintenance); an indication of where the function should best be performed (e.g.,
on orbit, after return to ground); and a classification of the desired mode of the
function as either automatic, semiatuomatic, or manual.

b. A description of each method selected to accomplish that function. This includes
an estimate of how well this method achieves the desired accuracy of the func~
tion; an estimate of the crew time required to complete the function using that
method; the primary and secondary crew skills required by that methnd; and a
ranking of the degree of hazard of the selected method.

c. A listing of each equipment item necessary to accomplish the function and an esti-
mate of the redundancy necessary for that item, the relative degree of interface
between that item and the erew, the relative degree of logistics support required
by that item, and the relative ease of maintenam e of that item,
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d. A detailed description and grouping of these equipment items by equipment unit
(EU) — a categorization of the equipment items by the nature of their intended
application. These descriptions include the total number of each item required
for the payload and the number required by each using FPE; each item's weight,
rate of power consumption, and volume; and the total weight, volume, develop-
ment cost, unit cost, and rate of power consumption for each type of equipment

item.

¢, A summation of the weight, rate of power consumption, volume, unit cost, and
development cost by EU,

f. A grand total for each variable in item (e) above for the entire payload. A footnote
defines the indicated rate of power consumption identified above as being the rate
required if all the equipment items were on all the time., A rule of thumb of ten
percent of that number is given as an estimate of the actual rate of power consump-

tion,

Payload definition using this program has considerable flexibility. A new payload can
be selected simply by increasing or decreasing the functional requirements, and many
of the parameters of interest are immediately available as output.

9.2 EXPERIENCE WITH THE CURRENT PROGRAM

The current program was developed and used during Phase I of the LSPD contract and
hag also heen used to define Life Sciences payloads in the current study phase. Its
flexibility has been proven, as six different payloads have been readily identified for
selected functional capability levels in support of the LSPD objectives.

While the given output (weight, volume, development and unit costs) is highly useful to
program planners, it is deficient in several important categories, A payload's impact
on vehicle resources (e.g., electrical power production capacity, crew available time,
data management capabilities) is only roughly estimated or not estimated at all. There-
fore, time-consuming manual analysis is required to complement the computer output
in these areas, This requirement could be eliminated with a modification to the pro-
gram and its inventories so that an accurate value for average rate of power consump~
tion, crew support requirements, and data management requirements are printed out

in the output.

Other tasks currently being completed by mamual means that have a potential for auto-
mation are the specification of the environmental requirements of a payload (accept-
able loads, noise and vibration levels) and the estimation of payload parameters using
commercially available equipment wherever possible (this option accepts the weight
and volume penalties associated with commercial equipment to gain the advantage of
lower cost),



Our experience with the current program has also revealed a constraint on its applica-
bility, The current program was developed to define payloads varying in size from the
shared shuttle payload (Mini-7 or Shared-7) to the ultimate space Life Sciences Labora-
tory, the space station supported Maxi-Max, The current phase of the LSPD study had
a requirement to define a new type of payload, the sortie carry-on payload, that is
much smaller than any envisioned when the existing computer program was developed.
While the equipment in the computer equipment inventory is still applicable to these
smaller payloads, the configuration of much of the equipment is not. For example,

the freezer required for preservation of biological samples on the Sortie-Shared pay-
load is a 7.0 ft3 (50-pound freezer, which is much larger than that required for carry-
on payloads (which are constrained to a total volume of 30 ft3 and = total weight of 300
pounds), All that is necessary is a 1.5 3 30-pound freezer. Another example is the
amount of movie film required. The minimum unit available in the inventory (sized
for Shared payload requirements) weighs 50 pounds, clearly much more film than re-
quired for the carry-ons. These two examples illustrate the types of changes required
in the inventories. The former required the addition of a new equipment item to the
inventory, a mini-freezer. The latter requires a reduction in the size of the basic
film unit contained in the inventory to that which is acceptable for use oh a earry-on
payload. Then the number of the film units required by the other payloads would have
to be increased to compensate for the film unit's smaller size. A series of these
inventory modifications are required before the computer program can efficiently
define mini-payloads such as the carry-on type.

Use of the program and its inventories has also revealed the necessity for a number of
administrative~type corrections, which would improve the clarity of program output
and the efficiency of its use. These include regrouping of the functions in the function
inventory by specific categories, correction of overlapping functions, updating inform~
ation, expanding skill categories, and correcting crew time estimate discrepancies.

9,3 PROPOSED MODIFICATIONS
To expand. the capabilities of the present program, the following tasks are proposed:

a, Modify the electrical power requirements calculation. The present program
prints out a number that is the total rate of power consumption if all the equip-
ment were on at once, a highly inflated power required total. The 10 percent
rule-of-thumb results in a better estimate, but it is still over or under the real
value by as much as a factor of 10 (comparing rule-of-thumb power for each EU
versus manually calculated average power).

The output could be corrected by incorporating into the program the following
information:

1. An expanded version of the current operations model (a frequency table that
documents the estimated frequency of occurrence of each function selected
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for a given payload). An estimated frequency of cccurrence would be added
to the function inventory on the appropriate 7 card (number required card)
for that function.

2, An estimate of the length of time that each equipment item is used for each
function., These data would be added to each 4 card (equipment card) in the
functions inventory.

The program could then read the estimated frequency of occurrence of each
function, the time that an equipment item is being used (drawing power) on

that function, and the power requirements of that equipment item (from the
equipment inventory), and calculate an accurate average rate of power con-
sumption over some preselected time base (e.g., 24 hours), The total average
power for all of the Els in the payload would give an accurate estimate of pay-
load rate of power consumption.

Calculate payload manpower requirements by skill category and calculate

‘equipment usage rates. The current functions inventory lists the crew time

and skills required to accomplish each function. That information, the cpera-
tions model discussed above, and an assumed crew duty cycle could be read
by the computer, and an estimate of the number of men of each skill category
that are required on a given payload could be calculated, Additional data in
code form would be added after the crew times in the functions inventory to
indicate which functions require more than one man simultaneously (e.g.,

a biomedical experimenter and his subject) to improve the accuracy of these
results, The information developed for Tasks 1 and 2 could also be used by
the computer to calculate crew usage rates for each equipment item, thus
generating valuable data for workspace designers,

Identify the significant operational and environmental requirements of a given
payload, Any unusual operational or environmental requirements of a2 selected
function could be included in code form on the 3 card (function/method card) and
recognized by the computer as it scans the selected functions. For example,

if the housing function for a certain plant species requires unusually low acceler-
ation levels, this constraint along with the others indicated for the functions in
that payload could be printed out in the computer output as constraints required
by that particular payload.

Calculate the payload data management requirements. The amount of data pro-
duced by an equipment item during a given function has 2 major impact on space-
craft resources. The information of interest in determining data management
requirements of a payload would be factors such as the type of data produced
(digital or analog), bits per second or bandwidth and number of channels, fre~
quency and duration of data output, and recording requirements, Selected data
production information could be placed on the 4 card, or an additonal card, for




each equipment item on each function. The computer could use that data along
with the function frequency and duration from the operations model and the func-
tions inventory to calculate data management requirements for a given payload.

Calculate payload parameters for commercial equipment payloads. Current
equipment items in the equipment inventory are configured according to tradi-
tional aerospace requirements (i.e., flight equipment that is lightweight, com=
pact), and the development and unit costs reflect that requirement. Therefore,
the total weights, volumes , and costs do not reflect a stated desire by NASA of
accepting in certain cases the weight and volume penalties associated with using
off-the-shelf equipment to lower overall costs. These commercial costs are
being manually estimated in the current phase of the LSPD study. Commercial
parameters (weight, volume, and cost) could be included on the 3 and 4 cards of
the equipment inventory and a second summation of payload parameters printed
out to allow comparison between the traditional aerospace payload parameters
and those obtained if off-the-shelf items are used wherever possible.

Update and restructure the functions inventory. The functions inventory would be
updated to include the data required in the above calculations and new data coming
from Skylab, IMBLMS, and other current programs. Administrative improve~
ments would include grouping the functions by selected categories to ease the
payload planners initial task, that of selecting the functional capability for a given
payload, as well as assiting other users of the inventories, It would also include
eliminating redundancies, eliminating information that is no longer used, and
increasing the number and quality of explanatory notes to improve clarity.

Update and restructure the equipment inventory. The tasks necessary to update
the equipment inventory are much the same as those necessary for the functions
inventory. An additional task would be to include those small Els required by the
carry-on payloads. ‘
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SECTION 10

SUPPORTING RESEARCH AND TECHNOLOGY RECOMMENDATIONS

This section reviews in detail the six areas determined by this study to require signifi-
cant SRT activity, Figure 10-1 summarizes the areas and the justification for their

selection as SRT items.

Area Justification
Organism Required by all research organisms except man.

Helding Units

Bioexperiment
Support-Transfer

Organism
ECS

Laminar Flow Bench

Video Data
Control Unit

Internal Centrifuge
Definition Study

Required for PI acceptance tests and ground controls.

Dictates requirements for spacecraft interface and
ancillary equipment

Reauired for all Life Sciences Laboratory concepts.

Required for organism handling and sampling.
Significant interface with analysis EUs.
Provides isolation between organism and crew,

Design concepts influence research protocols.
Requirements interface with holding units and
ancillary equipment.

Design driver in determining laboratory size.
Dictates ground support facility requirements.

Establishes and influences research protocols

Figure 10-1. Supporting Research and Technology

10.1 CAGE MODULES FOR ORGANISM HOLDING

10.1.1 PURPOSE. The purpose of the cage modules is to house various types of re-
search organisms during both flight and ground operations., A cage module is a standard-
sized cabinet into which various organism cages can be placed., This cabinet provides
structural support for the organisms, a sealed enclosure which can be isolated from the
cabin atmosphere, and electronic equipment fo control the cage module environmental
parameters and monitor the organisms. The cage module is intended to interface with
separate subsystems that will provide ventilation air, electrical power, thermal control
fluids, and data management functions.

10,1.2 GENERAL REQUIREMENTS. The cage module should be capable of supporting
most of the organisms shown in Table 10-1. Sizing of the cage module should be based
partly on statistical requirements for biological research, Typically, a biological ex-
periment group will contain 32 organisms. Any submiltiple of 32 is congidered appropriate,
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Table 10-1. Candidate Space Research Organisms

Small Vertebrates Plants Invertebrates
Mice Marigold Flies

Rats Arabidopsis Gnats

Frogs Garden Pea Cockroach
Goldfish Bean Spiders
Turtles Corn Seedlings Planaria
Chickens Wheat Flour Beetle
Quail Pepper

Marmots Various Seeds & Seedlings

Hamsters Spider Wort (Tradescantia)

Squirrels Green Alga

Salamanders

Rabbits

Cells and Tissues

Frog Eggs

Carrot Tissue

Parsnip Tissue

Chick Embryo (Eggs and Tissue Culture)

Neurospora

Various Animal Tissue Culture

Various Microorganism Culiures

Various Plant Tissue Culture

Viral Culture (Tissue Culture, Armyworms, Bacteria)

Dimensions must also be compatible with the sortie module hatch, which is 152 cm (60
in.) in diameter. The cage module should also be small enough for manual manipulation
in principal investigators' laboratories as well as in flight operations. Initial desigus at
General Dynamics Convair Aerospace have been based on a size suitable for holding
eight rats,

In order to preserve the organisms during a decompression, the walls of the cage module
should be capable of withstanding a burst pressure differential of 1 atm. The cage module
must be hermetically sealed and thermally insulated to minimize heat transfer to and from
the environment wheun operating with internal temperatures above or below ambieat
temperatures.

The caging systems for representative organisms should be developed along with the
cage modules to ensure functional compatibility. The most complicated cages are those
for the vertebrates. These require provisions for feeding, watering, waste collection,
lighting, ventilation, and visual observations. Differeut sized cages for the various
organisms should be compatible with the single-sized cage module allowing for minor
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modifications in ventilation maunifolds, support shelves, and attachment mechanisms.
Vertebrate feeding can be accomplished by (1) pellets supplied from a belt or bin, (2)
paste extruded from a feeding device, or 3) liquid dispensed from a valve device.
Waste collection includes handling of feces, urine, and other minor bodily products
such as hair. In zero-g as well as 1-g, the usual solution to this problem is to use a
specially designed filter integral with each vertebrate cage. Ventilation ducting should
be configured so that each cage within the cage module is supplied fresh air rather than
effluent air from an upstream cage. Vertebrate cage lighting is required for several
purposes: (1) as an organism stimulus, (2) for photography or video coverage. (3)
for visual observations by the crew, and (4) for organism manipulation.

The cage module should also be adaptable to the housing of plants. In this case, com-
plicated cages as for the vertebrates are not required. Instead, root-ball containers
will be required with provisions for zero-g holddown, watering, and support of plants
during various flight dynamic loading. Cage module lighting is a major consideration,
with illumination levels on the order of 10,000 lumens/m? ¢~ 10060 ft-candles) required.
Cage module ventilation must be low to prevent plant motion resulting from ventilation

air flows.

As in the case of plants, cages for invertebrates and enclosures for cells and tissues
are not expected to require extensive development effort. However, the cage module
should be compatible with support of these organisms This will require provisions

for cage module heating and accurate temperature control. Minor ventilation may be

required for some experiments.

In addition to careful attention to internal integration with the cages and organisms, the
cage module must be designed to interface with the external supporting subsystems.

The major subsystems are the environmental control subsystem (ECS) and the data
management subsystem (DMS). The cage module ducting must be sized to accommodate
the required ventilation flow rates without excessive pressure drop losses. Filters
used for fecal and urine containment should also be desighed for minimum pressure
drop and may incorporate activated charcoal for air purification. Air sterilization
devices such as millipore filters may also be more easily incorporated in the cage module
than in the external ECS air ventilation loop. In the case of the DMS integration, the
electronic couplers contained in the cage module must be compatible with the DMS data
acquisition and controldevices. The cage modules should contain provisions for multi-
ple couplers to take information from the biosensors and other cage module instrumen-
tation and condition this information for transmission to the DMS.

Another requirement of the cage module is that it must be connectable to a laminar flow
bench for crew manipulation of the organisms. The laminar flow bench is essentially a
glove box that minimizes the cross-contamination of cabin and cage module air. It is
the subject of a separate SRT as described in Section 10.4.
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10.1,3 TECHNICAL DESCRIPTION, A preliminary concept of a cage module is de-
picted in Figure 10-2. It shows the cage module as it would look while housing eight

rat cages. For smaller or larger vertebrates, the rat cages would be removed, and
larger or smaller cages would be inserted. For plants, invertebrates, and cells/tissues,
the cages would be removed and other appropriate holding devices would be used. The
figure shows the eight rat cages and a preliminary concept of an integral feeding device
and urine and feces collection tray under each cage. The concept also includes a TV
camera on a positioning mechanism for the purpose of monitoring any one of the organ--
isms. Protection of the camera optical system from extraneous debris would be provided.
Electronic plug-in devices are contained in an upper shelf of the cage module. These are
used for various controls and to condition biosensor signals for transmission to the data

management subsystem.

Preliminary estimates of the properties of the cage modules and rat cages are given
below. '

Vertebrate Cage Module

Weight = 27 kg (§0 Ib), including cages, TV camera and drive mechanism
Volume = 0.24 m3 (8.6 t5) .
Power = 10 watts (electronics)

H CAGES (RAT)

ELECTRONICS

CAMERA DRIVE
/' SCREWS

/k\
a
./ g
ok
vl

—\\\—
CAMERA & OPTICS

URINE & FECES TRAY
WITH FEEDER

HERMETIC DOOR

Figure 10-2. Cage Module
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Rat Cage (Each)

Weight = 2.3 kg (5.1 Ib)
Volume = 7.1 dm?® (0. 25 £t%)
Power = 9 watts (lights)

Plant Cage Module (Modified for Plant Holding)

Weight = 27 kg (60 1b)
Volume = 0.24 m® (8.6 ft°)
Power 140 watts (primarily lights)

Invertebrate Cage Module

Weight = 36 kg (80 1b)
Volume = 0.24 m®
Power = 50 watts (primarily heater)

Cells/Tissues Cage Module

Weight = 32 kg (70 1b)
Volume = 0,24 m®
Power = 50 watts (primarily heater)

10.1,4 WORK STATEMENT. The development of a flight-qualified cage module wag
basically divided into two phases. Tirst is the development and evaluation of a flight
prototype, and the second is the construction and testing of the flight hardware, as
shown in Figure 10-3.

The first step in the development of the prototype includes z preliminary design study,
which would be closely coordinated with NASA. This would include the generation of
design requirements and guidelines. Mockups would be fabricated to investigate hard-
ware design aspects and to investigate man-machine integration factors. Following
these preliminary activities, the hardware prototype design would be finalized and it
would be fabricated and tested to ensure that it meets performance specifications,
Following this hardware performance testing, the design would be subjected to testing
and evaluation by several principal investigators to determine suitability from a biologi-
cal research standpoint. R would also be tested at the NASA/MSFC concept verification
test (CVT) facility to investigate spacecraft integration problems.

The secound phase of the cage module development is the construction of a flight unit.
The steps in this phase are similar to those in the development of the prototype. How-
ever, they would be much more involved to comply with the flight equipment specifica-
tions. Even though these specifications have been relaxes recently to reduce costs,
they are still quite extensive and include specifications on materials, criticality, quality
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Years After Go-Ahead
Task 0 1 2 3 4 5 6

A. PROTOTYPE DEVELOPMENT

1. Preliminary Design Study ‘ I
2. Mockup Fabrication & Design
Evaluation _—
3. Prototype System Design &
Analysis —_
4. Prototype Fabrication & Testing i
5. P.l Testing & Evaluation of
Prototype —_—
6. CVT Evaluation at NASA/MSFC
of Prototype -

B. FLIGHT UNIT DEVELOPMENT

1. Update Design Criteria &
Requirements for Flight Hardware _
Flight Hardware Design O
Flight Hardware Fabrication —
Testing of Flight Hardware L
P.I. Use for Flight Experiment
Preparation S SO -
Use in NASA/MSFC CVT Simulator -
7. Documentation —

52 BT L R ]
« s = =

(=]
.

Figure 10-3, Cage Module Development Schedule

assurance, qualification testing, training, fluids, cleanliness, reliability, program
management and documentation, Reference 8,

The first task in construction of a flight cage module, shown in Figure 10-3, is updat-
ing the design requirements as a result of the evaluation tests on the prototypes, Follow-
ing this, the flight hardware would be designed, fabricated, and performance tested.

This hardware would then be made available to principal investigator for use in setting

up the flight experiments, These flight units would also be used by NASA in spacecraft
simulator testing.

10.1.5 COST. The cost of completely developing the flight cage modules for the vari-
ous organisms, including internal caging and typical electronic equipment for organism
monitoring, was estimated to be $5.5 million. This number does not include the costs
associated with extended use by the P.I. in preparation for flight experiments (dashed
portion of the task line shown in Figure 10-3).
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10.2 BIOEXPERIMENT SUPPORT AND TRANSFER UNIT (BEST)

10.2,1 PURPOSE. The purpose of the BEST is to provide the subsystems necessary

to support the common cage module (Section 10, 1) in a broad range of small animal,
plant, and cells and tissues experiments. The unit is basically a transportable rack
(Figure 10-4), containing a power source environmental contrel, contamination con-
trol, waste management, water management, and data management subsystem configured
to hold and interface with the common cage modules.

10.2.2 GENERAL REQUIREMENTS., The BEST must provide the following:

a.

e.

A power supply and distribution subsystem to distribute power to the various operat-
ing components under normal operating conditions and to supply and distribute power
while the BEST is being transported from one site to another,

An environmental control subsystem that allows the operator to maiuntain the desired,

~ and usually different, environmental conditions for each common cage module.

Temperature, humidity, and air flow must be individually controlled.

A contamination control subsystem to minimize cross—-contamination between the
experimenter and his experiments and between individual experiments. I must
allow free access to the experiments for specimen and equipment manipulation and
maintenance while providing the protective shield.

A waste management subsystem‘to handle the waste products generated by the small
animal experiments,

A water management. subsystem to supply water to the experiments as required.

A data management subsystem to sense, display and record the parameters of
interest, This would include variables such as air and specimen temperatures,
light levels, respiration rates, ECG, specimen activity levels, relative humidity,
and so0il moisture. ‘

3 ACCESS DOORS TO
EGUIPMENT & STORAGE 0.81

BIOEXPERIMENT SUPPORT

e & TRANSFER MODULE
1.7 Loeodl) A
5.4 R
LABDRATOR i
HEIGHT " (6.8) CAGE MODULES (3)
s, [T

Figure 10-4, The Biological Experiments Support and Transfer (BEST) Unit
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10,2.3 TECHNICAL DESCRIPTION. A prototype of the BEST has been built, prelim-
inary engineering tests have been completed, and an initial evaluation by selected prin-
cipal investigators was conducted at NASA/ARC in January 1973. Figure 10-5 illustrates
this prototype, designed to support three common cage modules. The eight rat cages for
emall animal experiments can be seen through the transparent glove box in the left com-
mon cage niodule. The center module, with its doors closed, is equipped to support
plant research, while the common cage module on the right supports research with cells

and tissues,

The glove box provides an air-tight shield between the experimenter and his experiments.
The experimenter can insert his hands and arms in the gloves and open or close the cage
module doors and maintain experimental equipment without direct skin contact with the
contents of the cage module. A pass through port in the bottom of the glove box, used

in conjunction with a sterilization fechnique, enables specimens and parts to be placed
into or removed from the cages without cross contamination. The cylindrical device

in the center of the forward face of each glove box is 2 membrane-divided air chamber
comnecting suction tubes on the inside and outside that allow the experimenter to use oral
suction or blowing as required for specimen manipulation (e.g., insect counting) and
fluid sampling.

The upper portion of the BEST contains the data management and display/control sub-
system, The controls allow the experimenter to simultanecusly maintain different
environmental conditions in each of the three common cage modules. The experimenter
can also select the data that he wishes to display and/or record. The BEST circuitry is
designed to handle five data groups consisting of eight measurements per data group, or
a total of forty measurements (ounly part of this potential data acquisition capability is
provided in the prototype). The following measurements can be made with the prototype:

2. Temperature (body and air), e. Activity.

b. Light intensity. f. Relative humidity.

¢. Respiration rate, g. Resistance (soil moisture),
d. ECG. |

These measurements can be displayed on the digital readout, oscilloscope, and two-
channel recorder provided in the BEST. The data can be stored on the two-channel
recorder or on 1/2-inch magnetic tape. Design provisions in the circuitry enable con-
ventional laboratory recording devices to be connected to terminals on the data acquisi-
tion circuit if desired.

During transport of the BEST, between the PI's laboratory and the launch site, for ex-
ample, the BEST can be lowered to the lowest position on the transport base as shown
in Figure 10-6. The suspension system for adjusting this height is an integral part of
the transport base, Access to the subsystems is provided through the rear doors as
illustrated in Figure 10-6,
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Figure 10-5. The BEST Prototype (Three Common Cage Module Version)

Figure 10-6. The BEST Prototype (Configured for Transport) [Mustrating
Rear Access Capability to Its Components
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10.2.4 WORK STATEMENT. The development schedule of the Bioexperient Support
and Transfer Unit (BEST) is shown in Figure 10-7. The program includes four major
activities. This work statement will cover only Task A, the development of the second-

generation BEST prototype.

Years After Go-Ahead
Task 0 1 2 3 4 5 6

A, SECOND GENERATION BEST PRO-
TOTY PE

1. Establish Requirements L

2. Design & Analysis —_

3. Prototype Construct —
4, Functional & Engineering Tests —
5. Final Modification/Spec Update _
6. Deliver Unit(s) for PI Use S

B. PI EVALUATION PROGRAMS

1, Vertebrate Pls

2, Plant Pls
3, Cells & Tissues/Iuvertebrate
Pls

4, NASA Centers
C. OPERATIONAL UNIT PRODUCTION

1. Establish Requirements (Specs
& Plans)

Design & Analysis

Hardware Fabrication
Performance Testing

PI Review

Final Modification

Produce Unit{s)

8. Documentation

-

=~ h e WwN

D, PIGROUND BASELINE RESEARCH | R AR |

Figure 10-7. BEST Unit Development Schedule

The initial task involving the development of the BEST is aimed at a second-generation
unit that incorporates the changes as suggested by the PItesting at NASA/ARC during
January 1973. The PI requirements would be used to drive the analysis and design
activity. This activity would involve the six areas outlined in the general requirements,
Section 10.2, 2,
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The resulting design would be used to construct a second-generation prototype. Engi-
neering tests would be performed to determine the ability of the unit to meet the design
requirements. Final unit modification and specification update would be performed after

the completion of the testing.

During the prototype development activity, plans would be made to have several Pls use
the BEST units for in-house evaluations. The number of units and FPE counfiguration
would be established at that time. These units would be developed under separate con-
tract and devliered to the PlIs for testing and evaluation,

10.2.5 COSTS. The cost estimate for one BEST unit, as described in Task A of the
program schedule, is $150,000. Additional units to support PI evaluation programs
during Task B are estimated to cost between $25,000 and $40, 000, depending upon the
desired configuration,

10.3 ORGANISM ECS

10.3.1 PURPOSE. Eavironmental control subsystems (ECS)* are needed to support
the biological organisms to be used in space flight research. These subsystems should
be developed in close conjunction with the development of the cage modules, which are
used for housing most of the biological organisms; see Section 10. 1.

10.3.2 GENERAL REQUIREMENTS. The organism ECS discussed here is intended for
operation in the sortie modules, which have mission durations of 7 to 30 days. However,
the ECS equipment should be designed to allow for the possibility of modification and use

in future longer duration missions.

The organisms to be supported include small vertebrates, large vertebrates (moukeys),
plants, invertebrates, and cells/tissues (see Table 10-1 for a list of typical organisms),
The large vertebrates (monkeys) will be housed in separate holding units, and the rest
of the organisms are to be housed in cage module holding units. These are hermetically
sealed rectangular cabinets approximately 56 x 61 x 71 cm. The vertebrate organisms
require ECS equipment with several orders of magnitude greater capability than that
required by the plants, invertebrates, and cells/tissues.

The current guideline being used in the Life Sciences payload definition study is that the
mixing of sortie module cabin air and air within the holding units be minimized. There-
fore, ECS equipment separate from that required for the crew is required for the hold-
ing units. Furthermore, some degree of atmospheric isolation is required for different
groupd of organisms, thus leading to the possibility of several ECS loops for the various

holding units.

*The term organism ECS rather than organism EC/LSS has been used throughout this
report since the subject subsystem is primarily devoted to environmental countrol
functions rather than life support functions.
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Another general requirement of the ECS is that it provide similar atmospheric condi~
tious for the organisms in the spacecraft to those on the ground. The ground systems
are used over much longer periods of time (years) and therefore are not expected to
use closed ECS loops with LiOH and stored oxygen. Instead, the ground systems will
use ambient air, which will be conditioned to provide the desired temperature and
humidity levels,

10.3.3 TECHNICAL DESCRIPTION. Preliminary ECS design analysis indicates that

a single common ECS loop could be designed to satisfy the requirements of two cage
modules containing small vertebrates (e.g., eight rats in each) or one primate cylinder
containing a 9.1 kg monkey. A second basic ECS of muchlower capacity ¢.n be used to
support several cage modules containing invertebrates, plants and cells/tissues. Pre-
liminary flow schematics of these two ECS loops are shown in Figures 10-8 and 10-9,
and a more comprehensive discussion of them is confained in Section 3.1. These con-
cepts use coocler-condensers for sensible cooling as well as dehumidification., This
concept requires further study of off-design conditions and spacecraft integration factors
before deciding upon a final technigue for temperature and humidity control. Other
possibilities include (1) the use of separate heat exchangers for temperature and humidity
control, and (2) the use of silica gel for dehumidification., Other possibilities include
(1) the use of separate heat exchangers for temperature and humidity control, and (2)
the use of silica gel for dehumidification.

2 CAGE MODULES AlR 57¢/SEC (450 LB/HR) Fﬁ_, TO CABIN

CONTAINING 16 RATS, {94 SCFM) L] CONTAM

OR 1 PRIMATE CAGE CONTROL
SYSTEM

r L
H,0 VERT. VERT. il
SUPPLY -<—{ HOLDING HOLDING J A A
TANK luniT | unir | on
FILTER FILTER o BLOWERS
¥ .
l b

0, CONTROL TEMP, CONTROL

| HUMIDITY l '
I CONTROL BY-PASS M |
- | hd AIR
| .
|

02 v
[}
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Figure 10-8. ECS Loop Concept for Vertebrate Holding Units
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Figure 10-9. ECS Loop for Plants, Invertebrates, and Cells/Tissues
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The concepts shown in the figures were also based on the requirement that the organ-
ism ECS air loops be isolated from the cabin air. This was done to prevent contamina-
tion of the cabin air by the air from the organism cage modules. The loop shown in the
figure would operate at a pressure slightly lower than the ambient cabin pressure. Thus,
any leakage would be into the organism loop, which would be pumped back to the cabin .
through the catalytic oxidizer aboard the sortie module.

10, 3.4 WORK STATEMENT. The development of flight gualified organism ECSs has
been divided into two phases. The first is the development of prototype systems and
second the production of flight hardware, see Figure 10-10,

During the prototype development phase, the first task is to firmly establish require-
ments and design criteria in conjunction with NASA and the scientific community., The
next task, of ECS design and analysis, will include a review of existing flight ECS hard-
ware that could possibly be used in the organism ECS. This would include such items
as heat exchangers, blowers, LiOH canisters, oxygen bottles, and water tanks. The
use of such hardware would greatly reduce costs during the subsequent flight hardware

production phase.

Task A~3 is the construction and testing of at least oune breadhoard ECS system to in-

expensively check out such ECS characteristics as humidity and temperature control.

These tests would be performed with simulated organism holding units connected to the

breadboard ECS. Following breadboard testing and evaluation, the prototype systems
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Years After Go-Ahead
Task 0 1 2 3 4 5 6

A. PROTOTYPE DEVELOPMENT

Establish Requirements & Criteria |—
ECS Design & Analysis —
Breadboard Fabrication & Test —_
Prototype Design -

Prototype Construction —
Prototype Performance Testing —1

T L1 o LM

B. FLIGHT HARDWARE PRODUCTION

1. Establish Requirements, —
Specification & Plans
Design & Analysis _]
Hardware Fabrication —
Performance Testing —
Environmental & Qualification
Testing & Inspection —
6. Documentation S

W W

Figure 10-10, Organism ECS Development Schedule

would be designed, fabricated, and tested. The prototypes would be tested with sample
organisms in enclosures simulating actual holding units. Tests would be run on the
control characteristics of the ECS in the areas of temperature, humidity, 0o, COZ’
and trace contaminants, pressures, and water flows.

The second phase of the ECS development is the production of flight hardware. Detailed
specifications and plans would be prepared, followed by analysis, design and fabrica-
tion of the hardware. The hardware would be subjected to various performance and
qualification tests as fabrication and assembly progressed,

10.3.5 COST. The cost of complete development of the flight-qualified ECSs was esti-
mated at $5 million. Unit costs were estimated at approximately $100, 000 for a typical
flight ECS loop. These costs do not include vehicle integration costs or spares costs.

10.4 LAMINAR FLOW BENCH (LFB)

10.4.1 PURPOSE. The LFB will provide isolation between the experimenter and the
test organisms. This bench is basically a glove box with a directed air flow for control
of potential particulate and gaseous contaminants, It will be used by the experimenter
for a variety of procedures that require his interaction with the test organisms and
specimens.
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10,4.2 GENERAL REQUIREMENTS. The LFB must provide the following:

a. A laminar air flow system to maintain clear window vision and atmospheric isola-
tion between the test subject and experimenter while keeping debris such as urine,
feces, water, and hair away from the subject,

b, A portable workbench that can be appropriately outfitted for the desired task, and
taken to the subject organism located at various sites within the laboratory.

¢. An instrumentation complex (video display, CRT display) to allow setup and check--
out of the experiment instrumentation (camera adjustments, bioelectronic calibra-
tior and adjustment, feed and water dispenser checkout).

d. A means of transporting samples from the organism holding units to the preserva-
~ tion and preparation equipment while maintaining isolation.

Glove box operations are also required for toxic chemical management and radiobio-
logical research. Toxic chemical management will be accomplished in the LFB by
interfacing with a cage module type equipment rack contining the chemicals.

Radiochemistires will be performed in the LFB by using a liner fabricated from shield-
ing fabric and a shielding glass, In this case, the radiochemicals are contained in a
portable device that can be moved throughout the laboratory as needed.

Other desirable features of the LFB include a data management interface, holddown
devices for tools and small equipment, adjustable lighting, an air lock for specimen
transfer, and a removable liner that can be autoclaved. '

10.4.3 TECHNICAL DESCRIPTIONS. Preliminary conceptual designs have been made
of an LFB. Figure 10-11 is a sketch indicating the basic configuration. The flight ver-
sion is estimated to weigh 200 pounds and require 100 watts of electrical power. A

soft mockup of an early version of the LFB is shown in Figure 10-12,

10,4.4 WORK STATEMENT. The initial task effort will involve a review of this SRT
with the appropriate Pls to update the requirements for the LFB. An analysis will be
performed and include at least the follwoing: (1) sealiug requirements between the
holding unit and the LFB, (2) the development of a proper air flow system, (3) the

glove configuration, ({4) the mobility requirements, either powered or man manipu-
lated, (5) the data/display requirements, (6) the liner requirements for radioactive
work, and (7) the definition of the liner requirements to provide for proper sterilization,

A design of a breadboard LFB system will be accomplished. The breadboard will be
fabricated and tested. This testing will be used to evolve the appropriate man-machine
design criferia, and to evaluate the compatiblily of the design with the (PIs) requirements,
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Figure 10-11. LFB Configuration

Subsequent to the breadboard test program,

and engineering prototype will be designed

and fabricated. The prototype will undergo
engineering and PI evaluation. Final modi-
fications will be made and the design updated
for Life Sciences Laboratory baseline accept-
ance testing using the actual subject organisms.

A tentative schedule of the above tasks is
shown in Figure 10-13. The final acceptance
testing includes the use by the PI in his
laboratory two years piror to the actual
flight. Other tests and integration tasks re-
quired prior to acceptance for flight opera-
tional use will be performed during the same
period.

10.4.5 COSTS. The estimated develop-
ment costs for a flight qualified LFB is $2
million, Unit costs are estimated at

$25, 000 each. These costs do not include
vehicle integration, maintenance/refurbish-
ment, and spares costs.

Figure 10-12, LFB for Space Application
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Years After Go-Ahead
Task 0 1 2 3 4 5 6

A, BREADBOARD/PROTOTYPE

DEVE LOPMEIS_’F_

1. Define PI Requirements I

2. Define Equipment & Systems I

3. LFB Design & Analysis _—

4, Breadboard Fabrication & Tests S

5. Prototype Design A

6. Prototype Fabrication & Test —

7. PI Prototype Evaluation —
8. Documentation e

B. FLIGHT UNIT DEVELOPMENT

1. Define Requirements —
2. Design & Analysis —_
3. Fabrication —_—

4, Engineering Evaluation L
5. PI Evaluation —_—
6. Final Modification | —
7

. PI Laboratory Ground Control ]
Tests S

8. Documentation . — | s

Figure 10-13, Laminar Flow Bench (LFB} Development Schedule

10.5 VIDEO DATA CONTROL UNIT

10,5.1 PURPOSE. Thisis an electronic device used to control the operation of the
video cameras at various organism monitoring sites throughout the Life Sciences
Laboratory. It issues commands to the various cameras and receives and processes
the data from these cameras.

10.5.2 GENERAL REQUIREMENTS. The Life Sciences Laboratories countain from
gix to 14 video cameras that monitor various organisms and research phenomena,
Most of these cameras operate automatically according to a predetermined data acqui-
sition schedule. Therefore, a device is needed to issue commands to these cameras
and process the data received. Processing would include tagging the data with time
and identification, and transferring data to recording devices or monitors. I should
be noted that these functions might be performed by the data management subsystem
computer, depending upon the detailed requirements for camera control and data
processing.
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One potential requirement of the data processing that has been ideuntified involves a
time lapse mode of camera operation. As many as eight of the cameras operate in
this mode, and essentially take a still picture of an organism every 10 seconds., These
cameras can be moved so that more than one organism can be covered with a single
camera. As an example, one camera in an eight-rat-cage module can be designed to
move from one organism to another. Thus, each rat would be monitored every 80
seconds, However, any camera can be turned on continuously to monitor a particular
organism if required. The data processing required for the time lapse mode of opera-
tion involves digitizing the analog video signal and recording it at a slower rate than

it is generated. .As an example, consider the case of one frame taken at 1/30 second
being generated each second. K a standard video recorder were used to store this
data, most of the tape would be empty, with information on the single frames occupy-
ing 1/30 of the capacity of the tape,

The tape recorder cannot be stopped and started fast enough to conserve this tape, and
the amount of tape involved is on the order of thousands of kilograms (see Section 3. 2);
therefore, an alternative means of storing this data is needed. This can be provided
by the video data control unit. This unit can be designed to digitize the intermittent
video analog signals and store this data on a quick access storage device., I between
this intermittent storage, the data could be transmitted to a tape recorder at a continu-
ous rate, which would result in very little unused recording tape. Again, depending
upon the specific requirements, the data management subsystem computer might possi-
bly be able to provide this capability, Because this computer will be used for various
computations, data processing, and research program management, it was not assumed
to be coutinuously available for the processing of video data. However, the video data
control unit must be thoroughly integrated with the sortie module DMS. It must also

be compatible with the video camera mechanical drive systems, the cameras, and the
associated electronic systems.

10.5.3 TECHNICAL DESCRIPTION. The functions of the video data control unit
could be provided by a digital computer and peripheral equipment, including a quick-
access storage device. However, the description of the actual unit has not been
determined.

10.5.4 WORK STATEMENT. The general tasks involved in the development of a video
data control unit are shown in Figure 10-14. Both hardware and software are required,
and the system must be made compatible‘ with the sortie module DMS, Flight-qualified
existing hardware may be available that can be used to provide the necessary functions

of the data control unit.

10.5.5 COSTS. The development cost for a video data control unit is estimated at
$3 million. The unit cost estimate is $150,000. The costs are exclusive of vehicle
integration, maintenance/refurbishment or spares costs.
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Years After Go-Ahead
Task 0 1/2 1 1-1/2 2 2-1/2 3

A. PROTOTYPE DEVELOPMENT

1. Establish Requirements & Criteria [—

2, Analyze Hardware & Software
Requirements N

3. Study Integration with Sortie
Module DMS —

4. Design Prototype Hardware &
Generate Software —_—t

5. Assemble Prototype Hardware
& Test

B. FLIGHT UNIT DEVELOPMENT

1, Establish Flight System Require-

ments & Specifications o
2, Assemble Flight Hardware —_t
3. Perform Final Testing ]
4, Documentation

Figure 10-14. Video Data Control Unit Development Schedule
10.6 INTERNAL CENTRIFUGE DEFINITION STUDY

The laboratory concepts (Mini-7 and Mini~30) selected by the NASA Life Sciences Inte-
gration Team for study during Task C and D of this program did not include an internal
centrifuge,

The need for an internal centrifuge became evident as a resuilt of the second meeting
of the Life Sciences Shuttle Sortie Payload Planning Group. The meeting was held in
November 1972 at NASA Headquarters, and the following are quotes from the reports
of that meeting:

"A major and very significant position was established during the course
of the meeting, namely: a one g control must be available in flight as the
only valid method of differentiating biological changes attributable to
welghlessness. This position is substantiated by the recommendation of
the AIBS contained in their December 15, 1967 report to NASA titled,
BioScience Research During Earth-Orbiting Mission. This same require-
metit has recently (November 1972) been reemphagized by the Space Medi-
cine and Biology Committee of the Space Science Board, National Academy
of Sciences.
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"The impact of implementing this requirement will be evidenced in the
design of the sortie module which now will have to contain a centrifuge or
centrifuges, The specifics of the centrifuge(s) designs and the volume
requirements will be reflected in the Design Requirements section, The
next meeting Fehruary 1973 of the working groun with different partici-
pants will address the engineering and systems approaches to this
requirement.

"It is recommended that the National Academy of Sciences Summer Study
specifically address the extremely difficult decision as to the advantages
and disadvantages of introducing a centrifuge inflight as a 1-g control for
biological and/or Life Sciences experiments. This issue has many propo-
nents and opponents, and the need for a positive position and recommenda-
tion must be established to design and develop the supporting hardware
capability for the shuttle sortie mode. "
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